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(57) Abstract: An oral dosage form comprising a core material coated with a semipermeable membrane wherein the core material 
comprises an active ingredient selected from the group of omeprazole, an alkaline salt thereof, S-omcprazole and an alkaline salt 
thereof, in admixture with one or more altaline additives, one or more swelling agents, and optionally pharmaceutically acceptable 
excipients, and the dosage form is not enteric coated. 
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NEW FORMULATION 
Field of the invention 

The present invention relates to new oral pharmaceutical dosage forms comprising as 
active ingredient omeprazole, an alkaline salt of omeprazole, 5-omeprazole or an alkaline 
salt of iS-omeprazole. The dosage form comprises a core material of the active ingredient, 
one or more alkaline additives, and one or more swelling agents, wherein the core material 
is covered with a semipermeable membrane and without an enteric coating. Furthermore, 
the invention refers to the manufacture of such dosage forms and their use in medicine. 

Background of the invention and prior art. 

The acid labile H^, K^-ATPase inhibitor known under the generic name omeprazole is 

disclosed in EP-0005129. Certain salts of omeprazole are described in EP-124495, a 
magnesium salt of omeprazole is described in WO 95/01977, and the single enantiomers of 
omeprazole and certain salts thereof are described in WO 94/27988. 

Omeprazole is useful for inhibiting gastric acid secretion in mammals including man by 
controlling gastric acid secretion at the final step of the acid secretory pathway and thus 
reduce basal and stimulated gastric acid secretion irrespective of stimulus. In a more 
general sense, omeprazole may be used for prevention and treatment of gastric>acid related 
diseases in mammals and man, including e.g. reflux oesophagitis, gastritis, duodenitis, 
gastric ulcer, duodenal ulcer and ZoUinger-EUison syndrome. Furthermore, it may be used 
for treatment of other gastrointestinal disorders where gastric acid inhibitory effect is 
desirable e.g. in patients on NSAID therapy, in patients with Non Ulcer Dyspepsia, and in 
patients with symptomatic gastro-oesophageal reflux disease (GORD). Omeprazole may 
also be used in patients in intensive care situations, in patients with acute upper 
gastrointestinal bleeding, pre-and post-operatively to prevent aspiration of gastric acid and 
to prevent and treat stress ulceration. Further, it may be useful in the treatment of psoriasis 



wo 00/78293 



PCT/SEOO/01310 



2 

as well as in the treatment Helicobacter infections and diseases related to these where 
therapeutic control of gastric acid secretion is fundamental in the treatment. 

Omeprazole is, however, susceptible to degradation or transformation in acidic and neutral 
media. The stability of omeprazole is also affected by moisture, heat, organic solvents and 
to some degree by light. With respect to the stability properties of omeprazole, it is 
established that an oral solid dosage form must be protected from contact with the acidic 
gastric juice and that omeprazole must be transferred in intact form to that part of the 
gastrointestinal tract where pH is near neutral and where rapid absorption can occur. 

A pharmaceutical dosage form of omeprazole is best protected from contact with acidic 
gastric juice by an enteric coating layer. For instance, US 4,786,505 describes such enteric 
coated formulations. These formulations have a core comprising an alkaline salt of the 
drug or a core comprising the drug together with an alkaline reacting compound, the core is 
coated with a water soluble or in water rapidly disintegrating separating layer and further 
with an enteric coating layer. There are numerous published patent applications from 
different companies describing enteric coated formulations comprising omeprazole or 
other proton pump inhibitor compounds. 

WO 96/01623 describes tableted dosage forms of omeprazole, wherein enteric coating 
layered pellets are compressed into a multiple unit tableted dosage form. It is essential in 
these tableted formulations that the enteric coating layer can withstand the compression 
forces. 

There are different technologies and pharmaceutical formulations described in the prior art 
which provide a delayed release of an administered drug. Such formulations are for 
instance based on osmotic differences, slow-eroding/dissolving layers, diffusion through a 
membrane, time controlled explosion systems or any combinations thereof. In the 
following some of these principles are exemplified. For instance, US 4 871 549 describes a 
time controlled explosion system. Conte et al (Drug Development and Industrial 
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Pharmacy, 1989, vol. 15, pp. 2583 -96) describes a three-layer tablet giving a double 
pulsed system suitable for ibuprofen. US 5 567 441 describes a dosage form for diltiazem 
comprising a mixture of one fraction of slow release pellets and another fraction of delayed 
pulse release membrane coated pellets. WO97/02020 describes a dosage form of 
pantoprazole in combination with antibacterial substances wherein one part of the 
pantoprazole dose is in slow release form with a continuously release during time. US 5 
178 867 describes a dosage form with an exit port or hole that connects the interior of the 
dosage form with the exterior. 

Summary of the invention 

The present invention provides - iri contrast to earlier presented oral dosage forms for 
proton pump inhibitor compounds - a dosage form without an enteric coating layer. 

The dosage form according to the present invention comprises a core material coated with 
a semipermeable membrane. The core material contains an active ingredient selected from 
omeprazole, an alkaline salt thereof, 5-omeprazole or an alkaline salt thereof, one or more 
alkaline additives, and one or more swelling agents. The semipermeable membrane is able 
to disrupt or may change its permeabihty after a pre-determinated time. One or more 
swelling agents are placed in the core material to effectuate a disruption or an increased 
permeability of the semipermeable membrane after such a suitable time. Optionally 
pharmaceutically acceptable excipients such as an osmotic agent may also be included in 
the core material. 

Surprisingly, the formulation according to the present invention is prepared without an 
enteric coating, which previously have been almost an axiom for dosage forms containing 
omeprazole or any other proton pump inhibitor compounds. The present invention also 
provides the possibility to avoid the separating layer needed under an enteric coating layer 
to separate omeprazole from the enteric coating polymer. Omeprazole should preferably 
not be in contact with the enteric coating due to discoloration and degradation of 
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omeprazole. Thus, the present invention provides a simpUfied process than previous 
manufacture processes requesting double coating layers on the core material. See for 
instance, EP 247 983. 

According to a further aspect of the present invention, the dosage form may preferably be 
in the form of a multiple unit pellet system. The prepared core material, in the form of 
small pellets coated with a semipermeable membrane and without an enteric coating may 
be filled into a capsule or compressed into a multiple unit tablet. 

The core material comprises an alkalizing agent, that is sufficiently alkaline and is present 
in a sufficiently high amount. The core material also comprises a swelling agent that upon 
contact with moisture starts to swell. When the coated pellets pass the stomach small 
amounts of gastric fluid will be absorbed through the semipermeable membrane. The 
alkalizing agent in the core material will neutralize the absorbed acidic fluid and protect 
the active ingredient against degradation. At the same time the swelling agent, will be 
exposed to the penetrating fluid or moisture, and it will start to expand. After a pre- 
determined time interval this expansion leads to disruption of the superimposed 
semipermeable membrane by the built-up pressure or to a swelling that will increase the 
permeability of the membrane. The time interval is to be determined so that the pellets 
have had time to pass the stomach at that very moment, and have reached the small 
intestines. The entire dose of the active ingredient will then start to be released into the 
small intestine where absorption can occur. 

Detailed description of the drawings 

Figures 1—4 illustrate principles for construction of dosage forms according to the present 
invention. The invention comprises a core material layered with a semipermeable 
membrane. The core material can be prepared according to at least four different principles 
as shown in the Figures. The drawings are not intended to illustrate the size or relative 
sizes of the dosage form or its different parts. 
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Detailed description of the invention 

The present invention provides a core material in the form of pellets or small tablets coated 
with a semipermeable membrEine. The composition of the core material protect the active 
ingredient against the gastric fluid, that permeates through the semi permeable coating 
during the pellet's passage through the stomach. Such pellet formulations are generally 
emptied from the stomach within 2-4 hours. When the pellets have left the stomach, the 
semipermeable membrane covering the individual pellets disrupts and/or starts to release 
the active ingredient in the small intestine. 

The pellets coated with the semipermeable membrane may be filled into capsules prepared 
from gelatine or hydroxypropyl methylcellulose (HPMC), be filled into sachets or be 
mixed with tablet excipients and compressed to a fast disintegrating tablet or to an 
effervescent tablet. 

Core material 

The core material may be produced with starter seeds, for instance sugar spheres like Non- 

TM 

pareils , by layering the active ingredient on the seeds by conventional technique or by 
the use of a centrifugal granulator/ roto granulator. Alternatively, the core material has a 
homogenous distribution of the active agent and excipients, and is prepared e.g. by 
extrusion and spheronization, or by compression. Other conventional techniques known in 
the art are also suitable in preparing the core material. 

The core material is in the form of pellets, spheroids or small tablets. The size of the 
formulated core materials is approximately between 0.1 and 4 mm, and preferably the core 
material has a diameter of 0.2 to 2.5 mm. 
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The core material comprises the active ingredient, an alkalizing agent, a swelling agent and 
optionally binders, osmotic agents and other pharmaceutically acceptable excipients. 

The active ingredient is selected from the group consisting of omeprazole, an alkaline salt 
thereof, 5-omeprazole or an alkaUne salt thereof. Suitable alkaline salts are for instance the 
Mg^^, Ca^"^, Na"^, salts, preferably the Mg^^salts in a highly crystalline form. A 
preferred magnesium salt of omeprazole having a crystaUinity of more than 70% 
determined by X-ray powder diffration is described in WO95/01977, hereby incorporated 
by references. 

Before the seeds are layered, the active ingredient may be mixed with further components 
to obtain preferred handling and processing properties and a suitable concentration of the 
active ingredient in the final mixture. 

Such further components can be binders, surfactants, fillers or other pharmaceutically 
acceptable ingredients, alone or in mixtures. The binders are for example cellulose 
derivatives such as hydroxypropyl methylcellulose, methylcellulose, hydroxypropyl 
cellulose and carboxymethyl-cellulose sodium, and others such as polyvinyl pyrrolidone, 
gelatine, sugars, starches or other pharmaceutically acceptable substances with cohesive 
properties. Suitable surfactants are found in the groups of pharmaceutically acceptable 
non-ionic surfactants, such as polysorbate 80, or ionic surfactants such as for instance 
sodium lauryl sulphate. 

An alkalizing agent is incorporated in the core material together with the active ingredient 
and/or the swelling agent, preferably together with the active ingredient. The alkalizing 
agent is present in an amount of approximately 5 to 35 % w/w in the core material, 
preferably 10 to 35 % w/w, or most preferably 15 to 35 % by weight calculated on the 
weight of the core material excluding the weight of the optional starter seed. 
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The alkalizing agent is selected from compounds like disodium hydrogen phosphate, 
trisodium phosphate, arginine or talc etc, provided that they give a pH of not less than 8.5 
when measured in a 2% w/w water solution/dispersion with a pH-measuring electrode. At 
least one alkalizing agent has to be incorporated in the core material, but also any 
combinations of alkalizing agents can be used. 

The swelling agent is selected among pharmaceutically acceptable disintegrants, preferably 
among crosslinked polyvinyl pyrroUdone, crosslinked sodium carboxymethylcellulose, 
sodium starch glycolate or low-substituted hydroxypropyl cellulose (L-HPC), alone or in 
any combinations. The amount of swelling agent is pre-determined to effectuate the start of 
dissolution of the core material at a proper time. Preferably, the core material comprises 
approximately 20 to 60 % by weight of the swelling agent calculated on the weight of the 
core material excluding any optional starting seed. More preferably a concentration of 25 
to 55 % by weight, or especially 30 to 50 % by weight of the swelling agent calculated in 
the same manner. 

Alternatively, the swelling agent or a portion of the swelling agent may optionally be 
prepared and incorporated in a separate layer. Such a separate layer will cover the core 
material and also comprise binders and optionally an alkalizing agent and/or 
pharmacetically acceptable excipients. 

Optionally, an osmotic agent is incorporated in the core material. Such an osmotic agent is 
watersoluble and will provide an osmotic pressure in the tablet. Examples of osmotic 
agents are magnesium sulphate, sodium chloride, lithium chloride, potassium chloride, 
potassium sulphate, sodium carbonate, lithium sulphate, calcium bicarbonate, sodium 
sulphate, calcium lactate, urea, magnesium succinate, sucrose or mixtures thereof 

Alternatively, the active ingredient, optionally mixed with any of the components defined 
above, can be formulated into a core material. Said core material may be produced by 
extrusion/spheronization, balling or compression utilizing different process equipments. 
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For extrusion/spheronization processes incorporation of a microcrystalline cellulose and a 
low-substituted hydroxypropylcellulose in the core material is preferred. 

Semipermeable membrane. 

The membrane comprises a water insoluble pol>Tner and a modifying additive and 
optionally pharmaceutically acceptable excipients like fillers, colorants etc. The excipients 
should be insoluble or hardly soluble in acidic solutions, or present in such amounts that 
they do not influence the solubility properties of the membrane. 

Preferably, water insoluble polymer may be selected among semipermeable water 
insoluble polymers like ethylcellulose, cellulose acetate, polyvinyl acetate, and ammonio 
methacrylate copolymer type A and type B (Eudragit RL, Eudragit RS) etc. 

The modifying agent in the semipermeable membrane may be a talc or fumed silica (e.g. 
Aerosil or Cab-O-SiL). Preferably an alkaline reacting modifying agent such as talc is 
used. 

Preferred composition of the semipermeable membrane comprises an amount of modifying 
agent to water insoluble polymer on a weight to weight ratio of from 90:10 up to 50:50. 
Preferably the amount of modifying agent to water insoluble polymer on a weight to 
weight ratio is from 80:20 up to 60:40 in the membrane. 

The core material will be layered with a sufficient amount of the semipermeable membrane 
composition to cover the core material. Preferably, the amount of semipermeable 
membrane applied is approximately 3-30% by weight of the weight of the core material. 
The amount of semipermeable membrane for a desired dosage form is adjusted to obtain a 
desired lagtime and an adequate dissolution. 
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Final dosage form 

The prepared core material coated with the semipermeable membrane is filled into a 
capsule (gelatine or HPMC capsule), or optionally mixed with tablet excipients and 
compressed into a multiple unit tableted dosage form. In the expression "tablet excipients" 
is also effervescent tablet excipients included when referring to multiple unit tablets. 
Prepared tablets are optionally covered with filmforming agent(s) to obtain a smooth 
surface of the tablet and/or to further enhance the stability of the tablet during packaging 
and transport. Such a tablet coating layer may further comprise additives like anti-tacking 
agents, colorants and pigments or other additives to obtain a tablet of good appearance. 

The claimed dosage forms are suitable for oral administration. The dose will depend on the 
nature and severity of the disease to be treated. The dose may also vary according to the 
age, body weight, and response of the individual patient. Children and patients with liver 
diseases as well as patients under long term treatment will generally benefit from doses 
that are somewhat lower than the average. In the treatment of severe conditions higher 
doses than average may be used. 

Preferably, a dosage form comprising for instance 1-100 mg of omeprazole or S- 
omeprazole will be administered once a day. Suitable doses comprise preferably 10-80 
mg. The dosage form may be administered together with other suitable drugs, such as 
antibacterial compound(s), NSAID(s), motihty stimulating agents, and/or antacids. 

Examples 

The following examples describe the invention more in detail without restricting the scope 
of the invention. 

Example 1 

Core materials in the form of pellets made by extrusion and spheronization. 
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The following compositions were used to prepare core materials; 





Pellets A 


Pellets B 


Pellets C 


Compound 


Amount 
(g) 


% of dry 
pellets 


Amount 

(g) 


% of dry 
pellets 


Amount 
(g) 


% of dry 
pellets 


Omeprazole 


40.0 




40.0 




40.0 




Low-substituted 
Hydroxypropyl cellulose 


82.0 


20.6 


- 


- 


84.0 


21.0 


Polyvinyl pyrrolidone 
crosslinked micronized 






84.0 


21.0 






Microcrystalline 
cellulose PH 101 


58.0 




60.2 




78.4 




Mannitol powder 


136.0 




115.0 




136.5 




Sodium chloride ( <0.20 
mm) 


60.0 




20.0 




40.3 




Trisodium phosphate* 


20.0 


4.8 










Disodium hydrogen 
phosphate* 










20.0 


5.0 


Arginine 






80.0 


20.0 






Sodium lauryl sulphate 


2.0 




0.8 




0.8 




Water purified 


170 




151 




199 





Total weight of dry subst. 418 400 400 

* In this example the amounts for all phosphates are indicated as free of crystal water. 



The powders were mixed and then wetted with the granulating solution. When needed 
extra water was added afterwards, until total amount added water corresponded to the 
value given in the table above. The wet mass was subjected for extmsion through a screen 
having 1.0 mm in diameter apertures. The strings obtained were shaped to pellets in a 
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spheronizer operated at 350 rpm. The pellets were dried in a fluid bed apparatus with inlet 
air temperature set to 50 degrees Celsius. 

Granulating liquid used for composition A was 2.72 g of the trisodium phosphate and all 
the sodium lauryl sulphate dissolved in 50 grams of the water. 

Granulating liquid used for composition B was 10.0 g of the arginine and all the sodium 
lauryl sulphate dissolved in 100 grams of the water. 

Granulating liquid used for composition C was 8.06 g of the disodium hydrogen phosphate 
and all the sodium lauryl sulphate dissolved in 100 grams of the water. 

Remark: Only parts of composition B were possible to get through the extruder, however 
material for further experimentation was obtained. 

Example 2 

Core material in the form of pellets prepared by layering technique. 

A drug containing suspension was made according to the composition below; 

Compound Amount 
Omeprazole 219 g 



HPMC, 6 cps 

Disodiumhydrogen phosphate 
Polysorbate 80 



39.8 g 



42.9 g 



4.8 g 



Purified water 



919g 



First the polysorbate 80 was dissolved in the water. Then the phosphate was dissolved 
during stirring. Then the HPMC was dissolved whereafter the drug was suspended in the ■ 
obtained solution. The suspension was sprayed onto 150 g of sugar spheres (Non-pareil) in 
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a fluidized bed. The weight of the obtained product was 355 g and the omeprazole content 
was 456 mg/g. 



A suspension containing swellable substance was prepared according to the following 
composition; 

% 

Cross-linked polyvinyl pyrrolidone micronized (KoUidon CL-M) 1 87.8 g 41* 
Hydroxypropylcellulose L (HPC-L from Nisso) 46.9 g 

Talc 140.8 g 

EtOH(99.5%) 1500 g 

* % w/w of core material not including starter seed. 



HPC-L was dissolved in ethanol during stirring, then the talc and swelling agent Kollidon 
CL-M was added. The suspension was sprayed onto 130 g of the drug-layered spheres as 
prepared above in a Wurster equipped fluidized bed until the omeprazole content of the 
obtained core material was 130 mg/g. The weight of the obtained product was 455 g. 



Example 3 

Membrane coated pellets. 



The core material from Example 2 was coated in a fluid bed apparatus with an ethyl 
cellulose solution having talc suspended therein. The composition of the suspension used 
was: 
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Substance 


Amount 


% of dry 
membrane 


Ethyl cellulose N-10 


13.5 parts 


30% 


Ethanol (99.5% ) 


1455 parts 




Talc 


31.5 parts 


70% 


Total 


1500 parts 


100% 



80 grams of core material from example 2 was coated with this suspension until the 
omeprazole content was 107 mg/g. 

Example 4 

Test of the prepared membrane coated pellets. 

The prepared membrane coated core material was tested for gastric acid resistance and 
dissolution as described below. 

Test for gastric acid resistance 

The pellets were tested for gastric acid resistance by immersing them in 0.1 M HCl for 2 
hrs and the determining the remaining drug fraction. The fluid phase (the HCl) had an 
addition of 0.1 g/liter of sodium lauryl sulphate as wetting agent. The remaining drug 
fraction was 96%. 

Test for dissolution 

Dissolution of active substance was tested accordingly, first pellets were immersed in the 
test-fluid described above for 2 hrs, then buffer components (phosphate salts) were added 
to change the pH to 6.8. 

Samples of the dissolution medium were withdrawn and analyzed with HPLC at the given 
time intervals. Results; 
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Time , Hrs 


% Dissolved 


(after 2hrs of pre-exposure 




in acid medium) 




0.5 


3 


1 


18 


2 


60 


3 


73 
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Claims 

1 . An oral dosage form comprising a core material coated with a semipermeable 
membrane wherein the core material comprises an active ingredient selected from the 
group of omeprazole, an alkaline salt thereof, iS-omeprazole and an alkaline salt thereof, in 
admixture with one or more alkaline additives, one or more swelling agents, and optionally 
pharmaceutically acceptable excipients, and the dosage form is not enteric coated 

2. A dosage form according to claim 1 wherein the semipermeable membrane is able to 
dismpt. 

3. A dosage form according to claim 1 wherein the active ingredient is omeprazole. 

4. A dosage form according to claim 1 wherein the active ingredient is a magnesium salt 
of omeprazole having a crystallinity of more than 70% determined by X-ray powder 
diffration. 

5. A dosage form according to claim 1 wherein the active ingredient is magnesium salt of 
5-omeprazole. 

6. A dosage form according to claim 1 wherein the core material comprises a sugar 
sphere layered with a suspension or solution of the active ingredient, one or more alkaline 
additives, one or more swelHng agents and optionally pharmaceutically acceptable 
excipients. 

7. A dosage form according to claim 1 wherein the dosage form comprises individual 
pellets of the core material coated with the semipermeable membrane. 

8. A dosage form according to claim 1 wherein the core material comprises a further 
component in the form of an osmotic agent. 
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9. A dosage form according to claim 1 wherein the alkaline additive is an agent selected 
from the group of compounds that give a pH of not less than 8.5 when measured in a 2% 
w/w water solution/dispersion with a pH-measuring electrode. 

10. A dosage form according to claim 9 wherein the alkaline additive is an agent selected 
from the group of disodium hydrogen phoshate, trisodium phosphate, arginine and talc. 

11. A dosage form according to claim I wherein the alkaline additive is present in an 
amount of approximately 5 to 35 % by weight of the core material excluding the weight of 
an optional sugar sphere. 

12. A dosage form according to claim 1 wherein the alkaline additive is present in an 
amount of 15 to 35 % by weight of the core material excluding the weight of an optional 
sugar sphere. 

13. A dosage form according to claim 1 wherein the swelling agent is selected from the 
group of crossliked polyvinyl pyrrolidone, crosslinked sodium carboxymethylcellulose, 
sodium starch glycolate and low-substituted hydroxypropyl cellulose (L-HPC). 

14. A dosage form according to claim 1 wherein the swelling agent is present in an 
amount of approximately 20 to 60 % by weight of the core material excluding the weight 
of an optional sugar sphere. 

15. A dosage form according to claim 1 wherein the swelling agent is present in an 
amount of 30 to 50 % by weight of the core material excluding the weight of an optional 
sugar sphere. 

16. A dosage form according to claim 1 wherein the semipermeable membrane comprises 
a water insoluble polymer and a modifying agent such as talc or fumed silica. 
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17. A dosage form according to claim 1 wherein the water insoluble polymer is selected 
from the group of ethylcellulose, cellulose acetate, polyvinyl acetate, and ammonio 
methacrylate copolymer type A and type B. 

18. A dosage form according to claim 1 wherein the water insoluble polymer is present in 
an amount of approximately 3-30% by weight of the core material. 

19. A dosage form according to claim 1 wherein the semipermeable membrane comprises 
a modifying agent and a water insoluble polymer in a ratio of between 90: 10 and 50:50. 

20. A process for the manufacture of a dosage form as defined in claim 1 , wherein a core 
material is formed comprises an active ingredient selected from the group of omeprazole, 
an alkaline salt thereof, *S-omeprazole and an alkaline salt thereof, in admixture with one or 
more alkaline additives, one or more swelling agents, and optionally pharmaceutically 
acceptable excipients, the core material is coated with a semipermeable membrane and has 
no enteric coating. 

21. Use of an oral pharmaceutical dosage form as defined in any of claims 1 - 19 in the 
manufacture of a medicament with improved inhibition of gastric acid secretion. 

22. Use of an oral pharmaceutical dosage form as defined in any of claims 1 - 19 in the 
manufacture of a medicament with improved therapeutic effect in the treatment of 
gastrointestinal disorders associated with excess acid secretion. 

23. A method for improving inhibition of gastric acid secretion which comprises 
administering to a patient in need thereof, an oral pharmaceutical dosage form as defined 
in any of claims 1-19. 

24. A method for improving the therapeutic effect in the treatment of gastrointestinal 
disorders associated with excess acid secretion which comprises administering to a patient 
in need thereof, an oral pharmaceutical dosage form as defined in any of claims 1 - 19. 
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Semipermeable membrane 
Active ingredient containing part^^^ = core material 

Semipermeable membrane 
Active ingredient containing part 
Starter seed (e.g. Non Pareil) | = core material 






Semipermeable membrane 
Separate swelling layer 
Active ingredient containing part 
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COMPOUNDS 

The present invention relates to compounds which have 2Lnti-Helicobacter pylori 
activity, i.e., compounds which can be administered to a mammalian patient therapeutically to 
5 treat Helicobacter pylori infection in the patient. The invention also relates to pharmaceutical 
formulations, use of a compound of the invention in the manufacture of a medicament, and 
processes for preparing the compounds. 
Background to the Invention 

Helicobacter pylori is a gram negative bacterium which infects the human gastric 

10 mucosa. Infection with the bacterium causes inflammation of the gastric mucosa. Peptic 
ulceration of the duodenum or stomach can develop as well as adenocarcinomas or 
lymphomas of the stomach wall. Omeprazole (5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2- 
pyridinyl)methyl]sulfinyl]-lH-benzimidazole) is active against Helicobacter pylori (see Vogt, 
K and Hahn, H (1998), "Bactericidal Activity of Lansoprazole and Omeprazole against 

15 Helicobacter pylori in vitro". Drug Res. 48(1) . No. 6, 694-697), and is labile towards 

rearrangement in acidic media. Omeprazole is a sulfoxide. This sulfoxide is labile towards 
rearrangement in acidic media and the rearrangement gives an intermediate, which is a potent 
proton pump inhibitor. Thus, the parent compound does not persist in the acidic environment 
of the stomach. Compounds related to omeprazole, where the sulphur atom is unoxidized are 

20 also active against Helicobacter pylori. However, these related compounds can undergo 

metabolic oxidation in vivo to give the corresponding sulfoxide, analagous to omeprazole, and 
have a propensitiy towards rearrangement in acidic media in vivo [J. Med. Chem. 1988, 41 y 
1777-1788]. Analogues which are potent against Helicobacter pylori, but not acid labile and 
thus stable in acidic media are desirable. Such analogues could be administered to a 

25 mammalian patient therapeutically to treat Helicobacter pylori infection. 

In addition, it would be preferable for such analogues to be selective for Helicobacter 
pylori, since this is desirable to avoid the disruption of the normal gastrointestinal flora, and to 
reduce the incidence of bacterial resistance development. 
Summary of the Invention 

30 . Accordingly, the present invention provides compounds of formula I or 

pharmaceutically acceptable salts or solvates thereof which are active against Helicobacter 
pyloriy but lack the pyridine nitrogen of omeprazole and its analogues which is necessary for 
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rearrangement in acidic media. Thus, the compounds of the invention are more stable in acid 
media. Formula I is as follows: 




Y 



wherein: 

5 X is S; SO2; NH; N(Ci-6alkyl); O or CH2; 

Y is Ccalkyl; ©(Cg-gcycloalkyl); 0(Ci.6alkyl); Hal; CHab, CHHals, CHzHal, OCHab, 
OCHHah or OCH2Hal , wherein Hal represents halogen; NRR', wherein R and R' 
independently represent H or Ci.galkyi, or NRR' represents an optionally substituted 
Cs-gheterocyclic ring optionally containing 1, 2 or 3 further heteroatoms independently 
10 selected from O, N and S; H; COOR" or COR", R" representing H or Ci.6alkyl; or CH2OH; 

-(CH2)a-R^; -((CH2)bO)c-R'; >(CH2)d-R''; -(CH2)aC(=0)R^ -(CH2)dC(=0)R''; 
-((CH2)e-0)c-(CH2)f-R''; R' or R'\ 

R^ is an optionally substituted mono- orbi-cyclic 5-, 6-, 7-, 8-, 9- or 10-membered 
heterocycle containing 1, 2, 3, 4, 5 or 6 heteroatoms independently selected from O, N and S; 
15 R^ is H; Ci.6alkyl; optionally substituted Cs-scycloalkyl optionally containing 1, 2 or 3 

heteroatoms independently selected from O, N and S; optionally substituted Cs-ioaromatic ring 
structure optionally containing 1, 2 or 3 heteroatoms independently selected from O, N and S; 
or an optionally substituted 5- to 10-membered mono- or bi-cyclic heterocyclic ring structure 
containing 1, 2, 3, 4 or 5 heteroatoms independently selected from O, N and S; 
20 R^' is -Z-M wherein Z represents O, S or NH and M represents H, an optionally 

substituted mono- or bi- cyclic 5-, 6-, 7-, 8-, 9- or 10-membered heterocyclic ring structure 
containing 1, 2, 3, 4, 5 or 6 heteroatoms independently selected from O, N and S, or an 
optionally substituted Cf.ioaromatic ring structure optionally containing 1, 2 or 3 heteroatoms 
independently selected from O, N and S; or -Z-M represents -C(=0)NR^R^ -NR^R"^, 
25 -0C(=0)NR^R^ -NC(=0)NR^R^ or -NC(=0)R^ 
For R^ and R^, either: 

(i) R"^ is H; Cusalkyl; optionally substituted Ca-gcycloalkyl optionally fused to a benzo 
ring; Z^-{Ci.8alkyl)aryl, wherein Z^ represents O or a bond, and the aryl is C6-10, optionally 
substituted and optionally fused to a C5-10 heterocyclic ring structure containing 1, 2, 3, 4, 5 or 
30 6 heteroatoms independently selected from O, N and S; optionally substituted Ce-ioaryl; an 
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optionally substituted 5-, 6-, 7-, 8-, 9- or lO-membered heterocycle containing 1, 2 or 3 
heteroatoms independently selected from O, N and S; (Ci.galkyO-R, wherein R represents an 
optionally substituted mono- or bi-cyclic 5 to 10 membered heterocyclic ring structure 
containing 1, 2, 3, 4, 5 or 6 heteroatoms independently selected from O, N and S; optionally 
5 substituted -C(=0)0(Ci.8aikyl); optionally substituted -C(=0)0-phenyl; optionally substituted 
-C(=0)(Ci.8alkyI); optionally substituted -C(=0)-phenyl; or -NC(=0)R^ and 

is H; Ci-galkyl; optionally substituted Cs-gcycloalkyl optionally fused to a benzo 
ring; (Ci.8alkyl)aryl wherein the aryl is Ce-ioand optionally substituted; optionally substituted 
C6.ioaryl; or an oprionally substituted 5-, 6-, 7-, 8-, 9- or 10-membercd heterocyclic ring 
10 structure containing 1, 2 or 3 heteroatoms independently selected from O, N and S; or 

(ii) the structure -NR'*R^ represents a C3.8heterocyclic ring optionally containing 1, 2 or 3 
further heteroatoms independently selected from O, N and S and optionally fused to a Ce-io 
ring structure, -NR'^R^ being optionally substituted; 
For R^ and R"^, either: 

15 (i) R^ is H; Ci-i2alkyl; optionally substituted Ca-scycloalkyl optionally fused to a benzo 
ring; optionally substituted (Ci.galkyOaryl wherein the aryl is Ce-io; optionally substituted 
(Ci-galkyOR, where R represents a mono- or bi-cyclic 5-, 6-, 7-, 8-, 9- or 10-membered 
heterocycle containing 1, 2, 3, 4, 5 or 6 heteroatoms independently selected from O, N and S 
or R represents a mono-, bi- or tri-cyclic Cs-ncycioalkyl; optionally substituted Ce-ioaryl; an 
20 optionally substituted mono- or bi-cyclic 5-, 6-, 7-, 8-, 9- or 10-membered heterocycle 

containing 1, 2, 3, 4, 5 or 6 heteroatoms independently selected from O, N and S; or -C(=0)0- 
Ar, wherein Ar represents optionally substituted C6.ioaryl; and R^ is H; or 
(ii) the structure -NR^R^ represents a Ca.sheterocyclic ring optionally containing 1, 2 or 3 
further heteroatoms independently selected from O, N and S, -NR^R^ being optionally 
25 substituted; 

a represents an integer 1, 2, 3, 4 or 5; 
each b independently represents an integer 1, 2, 3, 4 or 5; 
c represents an integer 1, 2, 3, 4 or 5; 
c' represents an integer 1, 2, 3, 4 or 5; 
30 d represents an integer 1, 2, 3, 4 or 5; 

each e independently represents an integer 1, 2, 3, 4 or 5; 
f represents an integer 1, 2, 3, 4 or 5; and 
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g represents zero or an integer 1, 2, 3, 4 or 5. 

The invention also relates to pharmaceutical formulations, use of a compound of the 
invention in the manufacture of a medicament, processes for preparing the compounds and 
intermediates for use in such processes. 
5 Detailed Description of the Invention 

The present invention provides a compound of formula I or a pharmaceutically 
acceptable salt or solvate thereof 




I 



Y 



wherein: 

10 X represents S; SO2; NH; O or CHai Alternatively, X represents N(Ci-6alkyl), more 

preferably N-methyl or N(C2-4aIkyl). 

Y represents Ci-calkyl (preferably C2.4alkyl, and most preferably methyl); 
0(C3.8cycloalkyl), preferably O-cyclopropyl, or O-cyclobutyl or O-cyclopentyl; 0(Ci-6alkyl), 
preferably Omethyl or 0(C2.4alkyl); Hal, preferably CI or F; CHab, CHHal2, CHsHal, 

15 OCHal3, OCHHab or OCH2Hal , wherein Hal represents halogen (preferably F); NRR', 

wherein R and R' independently represent H or Ci.galkyl (preferably methyl or C2.6alkyl or 
C2-4alkyl) , or NRR' represents an optionally substituted C3-8, preferably C3.6, heterocyclic 
ring optionally containing 1, 2 or 3 further heteroatoms independently selected from O, N and 
S; H; COOR" or COR'', R" representing H or Ci.6alkyl (preferably methyl, ethyl); or CH2OH. 

20 For optional substitution of the heterocyclic ring represented by NRR', at least one (e.g., one, 
two or three) substituents may be provided independently selected from Ci^alkyl (preferably 
C2.4alkyl, more preferably methyl); phenyl; OCF3; OCHF2; -0(Ci.8alkyl), preferably -O- 
methyl, -O-ethyl or -0(C3.6alkyl); -C(=0)0(Ci.8alkyl), preferably -C(=0)0-methyl, 
-C(=0)0-ethyl, -C(=0)0-rerr-butyl or -C(=0)0(C3.6alkyl); -C(=0)0-phenyl; -O-phenyl; 

25 -C(=0) (d-galkyl), preferably -C(=0)-methyl, -C(=0)-ethyl or .C(=0)(C3.6alkyl) ; 

-C(=0)OH; -S(C,.8alkyl), preferably -S-methyl, -S-ethyl or -S(C3-6aIkyl); OH; halogen (e.g., 
F, CI or Br); NRR* where R and R' are independently H or Ci_6alkyl (preferably C2-4alkyl, 
more preferably methyl, most preferably R=R =methyl); and nitro. 

R* represents -(CH2)a-R'; -((CH2)bO)c-R'; -(CH2)d-R''; -((CH2)e-0)c'-(CH2)f-R^' 

30 (preferably where e=2 and f=2); R^ or R^'. Preferably, R^ represents -(CH2)a-CH3 or 
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-((CH2)bO)c-CH3. More preferably, is selected from -iso-Bw, -(CH2CH20)3CH3; 
-(CH2CH2)-4.morpholinyl; -(CH2CH20)5CH3; -(CH2CH2)-l-(2-methyl-5-nitro-imidazolyl); 
-(CH2CH2)-l-(l,2,4-triazolyl); and -(CH2CH2)-OC(=0)NH-Ph. 

represents an optionally substituted mono- or bi-cyclic 5-, 6-, 7-, 8-, 9- or 10- 
5 membered heterocycle containing I, 2, 3, 4, 5 or 6 heteroatoms independently selected from 
O, N and S. Preferred examples of the heterocycle are benzimidazolyl (preferably 
benzimidazol-2-yl), imidazolyl (preferably imidazol-2-yl), oxadiazolyl (preferably 1,3,4- 
oxadiazol-2-yl), pyrimidinyl (preferably pyrimidin-2-yl), tetrazolyl (preferably 1,2,3,4- 
tetrazol-5-yl), pyridinyl (preferably pyridin-2-yl or pyridin-4-yl), thiazolyl (preferably 1,3- 

10 thiazol-2-yl), pyridineimidazolyl (preferably pyridineimidazol-2-yI), benzoxazolyl (preferably 
l,3-benzoxazol-2-yl), indolyl (preferably indol-2-yl). For optional substitution of the 
heterocycle, at least one (e.g., one, two or three) substituents may be provided independently 
selected from nitro; carboxylate; -COOH; =0; -S(=0)-(Ci.8alkyl), the alkyl preferably being 
methyl, ethyl or Cs-galkyl; -S(=0)-(=0)-(Ci-8alkyl), the alkyl preferably being methyl, ethyl or 

15 C3.6alkyl; halogen (preferably F or CI); phenyl; 

-0(Ci-8alkyl), preferably -O-methyl, -O-ethyl or -0(C3.6alkyl); -S(Ci-8alkyl), preferably -S- 
methyl, -S-ethyl or -S(C3-6alkyl); OH; OCHF2, OCH2F, OCF3; CHF2, CH2F, CF3; 
-C(=0)NRR', wherein R and R' are independently selected from H and Ci.galkyl (preferably 
methyl, ethyl, propyl, isopropyl, or Ca-calkyl), or the structure NRR' represents an optionally 

20 substituted C3.8heterocyclic ring optionally containing 1, 2 or 3 further heteroatoms 
independendy selected from O, N and S; and 

- R"-NH(CO) R'", wherein R'' represents Ci.6alkylene (preferably Ci or C2) and R''' 
represents Ci.6alkyl (preferably Ci or C2). 



In one preferred embodiment, R represents 



25 




wherein: 



Q isCHorN; 
Q'is ^fH,Oo^S; 
W isCHorN; 



30 



W'isCH or N; and 
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represents Ci.6alkyl (preferably C2-4alkyU and most preferably methyl); 
0(C3-8cycloalkyl), preferably O-cyclopropyl, or O-cyclobutyl or O-cyclopentyl; 0(Ci.6alkyl), 
preferably Omethyl or 0(C2-4alkyI); Hal, preferably CI or F; CHab, CHHaU, CHaHal, 
OCHah, OCHHab or OCHiHal, wherein Hal represents halogen (preferably F); NRR', 
5 wherein R and R' independently represent H or Ci.galkyl (preferably methyl or Ca-ealkyl or 
C2-4alkyl) , or NRR' represents an optionally substituted C3-8, preferably C3.6, heterocyclic 
ring optionally containing 1, 2 or 3 further heteroatoms independently selected from O, N and 
S; H; COOR^ or COR^, R^ representing H or Ci-oalkyi (preferably methyl, ethyl); or CH2OH. 
For optional substitution of the heterocyclic ring represented by NRR', at least one (e.g., one, 

10 two or three) substituents may be provided independently selected from Ci.6alkyl (preferably 
C2-4alkyl, more preferably methyl); phenyl; OCF3; OCHF2; <0(Ci-8alkyI), preferably -O- 
methyl, -O-ethyl or -0(C3-6alkyl); -C(=0)0(Ci.8alkyl), preferably -C(=0)0-methyl, 
-C(=0)0-ethyl, -C(=0)0-r^rr-butyl or -C(=0)0(C3.6alkyl); -C(=0)0-phenyl; -O-phenyl; 
-C(=0) (Ci.salkyl), preferably -C(=0)-methyl, -C(=0)-ethyl or -C(=0)(C3.6aIkyl) ; 

15 -C(=0)OH; -S(Ci-8alkyl), preferably -S-methyl, -S-ethyl or -S(C3.6alkyl); OH; halogen (e.g., 
F, CI or Br), NRR' where R and R' are independently H or Ci.6alkyl (preferably C2-4alkyl, 
more preferably methyl, most preferably R=R*=methyl); and nitro. 

R-' represents H; Ci-galkyi; optionally substituted C3.8, preferably C3.6, cycloalkyl 
optionally containing 1, 2 or 3 heteroatoms independently selected from O, N and S; 

20 optionally substituted Cs.ioaromatic ring structure (e.g., phenyl) optionally containing 1, 2 or 3 
heteroatoms independently selected from O, N and S; or an optionally substituted 5- to 10- 
membered mono- or bi-cyclic heterocyclic ring structure containing 1, 2, 3, 4 or 5 heteroatoms 
independently selected from O, N and S. Preferably, the cycloalkyl contains heteroatoms and 
is selected from morpholinyl (4-morpholinyl), piperazinyl (preferably 1-piperazinyl), 

25 tetrazolyl (preferably l,2,3,4-tetrazol-2-yl), imidazolyl (e.g.. l-imidazolyl) and triazolyl (e.g., 
l-(l,2,4-triazolyI)). Preferred examples of the Ci-galkyl are preferably C2.4alkyl, methyl and 
butyl (e.g., isobutyl). preferred examples of the heterocyclic ring structure are 
imidazopyridazine (more preferably 6-imidazo[l,2-Z?]pyridazine) and imidazolyl (more 
preferably l-imidazolyl). For optional substitution of the cycloalkyl, aryl or heterocyclic ring, 

30 at least one (e.g., one, two or three) substituents may be provided independently selected from 
Ci.6alkyl (preferably C2.4alkyl, more preferably methyl) and nitro. 
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R^' represents -Z-M wherein Z represents O, S or NH and M represents H, an 
optionally substituted mono- or bi- cyclic 5-, 6-, 7-, 8-, 9- or 10-membered heterocyclic ring 
structure containing 1, 2, 3, 4, 5 or 6 heteroatoms independently selected from O, N and S, or 
an optionally substituted Cs-ioaromatic ring structure (e.g., phenyl) optionally containing 1, 2 
5 or 3 heteroatoms independently selected from O, N and S; or -Z-M -C(=0)NR^R^ -NR^R^ 
-OC(=0)NR^R^ -NC(=0)NR^R^ or -NC(=0)R^ 

Preferably, the heterocyclic ring structure is selected from imidazopyridazine (more preferably 
6-imidazo[l,2-fc]pyridazine) and imidazolyl (more preferably 1-imidazolyl). For optional 
substitution of the aromatic or heterocyclic ring structure, at least one (e.g., one, two or three) 
10 substituents may be provided independently selected from Ci-6alkyl (preferably C2.4alkyl, 
more preferably methyl) and nitro. 

Most preferably, R"^' is selected from -4-morpholinyl; -l-(2-methyI-5-nitro- 
imidazolyl); -l-(l,2,4-triazolyl); and -OC(=0)NH-Ph. 

For R"^ and R^, either: 

15 (i) R'^ is H; Ci-salkyl; optionally substituted Ca.gcycloalkyl optionally fused to a benzo 
ring; Z^-(Ci.8alkyl)aryl, wherein Z^ represents O or a bond, and the aryl is Ce-io. optionally 
substituted and optionally fused to a C5-10 heterocyclic ring structure containing 1, 2, 3, 4, 5 or 
6 heteroatoms independentiy selected from O, N and S; optionally substituted Cc-ioaryl; an 
optionally substituted 5-, 6-, 7-, 8-, 9- or 10-membered heterocycle containing 1, 2 or 3 

20 heteroatoms independentiy selected from O, N and S; (Ci_8alkyl)-R, wherein R represents an 
optionally substituted mono- or bi-cyclic 5-, 6-, 7-, 8-, 9- or 10-membered heterocyclic ring 
structure containing 1, 2, 3, 4, 5 or 6 heteroatoms independently selected from O, N and S; 
optionally substituted -C(=0)0(Ci.8alkyl); optionally substituted -C(=0)0-phenyl; optionally 
substituted -C(=0)(Ci-8alkyl); optionally substituted -C(=0)-phenyl; or -NHC(=0)R^; and 

25 R^ is H; Ci.galkyi; optionally substituted Ca.gcycloalkyl optionally fused to a benzo 

ring; (Ci-salkyOaryl wherein the aryl is Ce-io and optionally substituted; optionally substituted 
Ce-ioaryl; or an optionally substituted 5-, 6-, 7-, 8-, 9- or 10-membered heterocyclic ring 
structure containing 1, 2 or 3 heteroatoms independently selected from O, N and S; or 
(ii) the structure -NR^R^ represents a Cs-gheterocyclic ring optionally containing 1, 2 or 3 

30 further heteroatoms independently selected from O, N and S and optionally fused to a 
C6.ioring structure, -NR'^R^ being optionally substituted. 
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For R'* in option (i), preferably the Ci.galkyl or the Ci.salkyl in Z^-(Ci.8alkyI)aryl or 
the Ci-galkyl in (Ci.galkyO-R or the Ci.salkyl in -C(=0)0(Ci.8alkyl) or the Ci-galkyl in 
-C(=0)(Ci.8alkyl) is selected from C2-6alkyU methyl, ethyl, propyl (e.g., isopropyl), butyl (e.g., 
isobutyl or re/t-butyl) and pentyl. Preferably, where C6.ioaryl is mentioned, the aryl is phenyl. 
5 Preferably. Z^-(Ci.8alkyl)aryl represents Z^-(Ci.8aIkyl)benzodioxoL Preferably, for R"^, where 
. a heterocyclic ring structure is mentioned, this is selected from furyl (e.g., 2-furyl), 
tetrahydrofuranyl (e.g., tetrahydro-2-furanyl), thienyl (e.g., 2-thienyl), morpholinyl (e.g., 4- 
morpholinyl), isoxazolyl (e.g., 4~isoxazolyl or 5-isoxazolyl), dioxoimidazolidinyl (e.g., 2,5- 
dioxoimidazolidinyl), pyrazinyl, dioxotetrahydropurinyl (e.g., 2,6-dioxo-l,2,3,6-tetrahydro- 

10 purin-7-yl), benzofuranyl (e.g., 2-benzofuranyl), pyridyl (e.g., 2-pyridyl or 3-pyridyl), quinolyl 
(e.g., 4-quinolyl), pyrrolidinyl (e.g., 2-pyrrolidinyl), piperazinyl (e.g., 1-piperazinyl), 
imidazopyridazinyl(e.g., iniidazo[l,2-&]pyridazinyI) and tetrazolyl (e.g., tetrazoI-2-yl, 1,2,3,4- 
tetrazol-2-yl). Preferably, for Z^-(Ci.8alkyl)aryI, the aryl is optionally fused to a heterocyclic 
ring structure selected from furan, tetrahydrofuran, thiophcne, morpholine, isoxazole, 

15 dioxoimidazolidine (e.g., 2,5-dioxoimidazolidine), pyrazine, dioxotetrahydropurine (e.g., 2,6- 
dioxo-l,2,3,6-tetrahydro-purine), benzofuran, pyridine, quinoline, pyrrolidine, piperazine, 
imidazopyridazine (e.g., imidazo[l,2-6]pyridazine) and tetrazole (e.g., 1,2,3,4-tetrazoIe). 
Preferably, the Cs.scycloalkyl is selected from cyclopropyl C4-6cycloalkyl and cyclopentyl. For 
optional substitution of the cycloalkyl, aryl, heterocycle or heterocyclic ring structure, at least 

20 one (e.g., one, two or three) substituents may be provided independently selected from 

Ci-ealkyl (preferably C2-4alkyl, more preferably methyl); phenyl; -0(Ci.8alkyl), preferably -O- 
methyl, -O-ethyl or -0(C3-6alkyl); -C(=0)0(Ci.8alkyI), preferably -C(=0)0-methyl, 
-C(=0)0-ethyl or -C(=0)0(C3.6alkyl); -C(=0)0-phenyl; -O-phenyl; -C(=0) (Ci.galkyl), 
preferably -C(=0)-methyl, -C(=0)-ethyl or .C(=0)(C3.6alkyl) ; -S(Ci.8alkyl), preferably -S- 

25 methyl, -S-ethyl or -S(C3.6alkyl); OH; halogen (e.g., F, CI or Br), NRR* where R and R' are 
independently H or Ci-6alkyl (preferably C2-4alkyl, more preferably methyl, most preferably 
R=R =methyl); and nitro. 

For option (ii), the C3-8heterocyclic ring is preferably selected from piperidinyl (e.g., 1- 
piperidinyl), piperazinyl (e.g., 1-piperazinyl), morpholinyl (e.g., 4-morpholinyl) and tetrazolyl 

30 (e.g., l,2,3,4-tetrazol-2-yl). Preferably, the C6-io ring structure is selected from cyclohexyl 
and a benzo ring. For optional substitution of -NR'^R^, at least one(e.g., one, two or three) 
substituents may be provided independently selected from Cuealkyl (preferably C2-4alkyl, 
more preferably methyl); phenyl; OCF3; OCHF2; -©(C^salkyl), preferably -O-methyl, -O- 
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ethyl or "0(C3.6alkyl); -C(=0)0(Ci.8alkyI), preferably -C(=0)0-methyl, -C(=0)0-ethyU 
-C(=0)0-r^rr-butyl or -C(=0)0(C3-6alkyl); -O-phenyl; -C(=0) (Cusalkyl), preferably 
-C(=0)-methyl, -C(=0)-ethyl or -C(=0)(C3.6alkyl) ; -C(=0)OH; -S(Ci.8alkyl), preferably -S- 
methyl, -S-ethyl or -S(C3.6alkyl); OH; halogen (e,g„ F, CI or Br), NRR' where R and R' are 
5 independently H or Ci-6alkyl (preferably C2.4alkyl, more preferably methyl, most preferably 
R=R'=methyl); and nitro. 

For R^ and R^ either: 

(i) R^ is H; Ci.i2alkyl; optionally substituted Ca.scycloalkyl optionally fused to a benzp 
ring; optionally substituted (Ci.galkyOaryl wherein the aryl is Ce-io; optionally substituted 

10 (Ci.8alkyl)R, where R represents a mono- or bi-cyclic 5-, 6-, 7-, 8-, 9- or 10-membered 

heterocycle containing 1, 2, 3, 4, 5 or 6 heteroatoms independently selected from O, N and S 
or R represents a mono-, bi- or tri-cyclic C3.i3cycloaIkyl; optionally substituted Ce-ioaryl; an 
optionally substituted mono- or bi-cyclic 5-, 6-, 7-, 8-, 9- or 10-membered heterocycle 
containing 1, 2, 3, 4, 5 or 6 heteroatoms independently selected from O, N and S; or -C(=0)- 

15 O-Ar, wherein At represents optionally substituted Ce-ioaryl; and R^ is H; or 

(ii) the structure -NR^R^ represents a CB-gheterocyclic ring optionally containing 1, 2 or 3 
further heteroatoms independently selected from O, N and S and optionally fused to a 
Ce-ioring structure, -NR^R^ being optionally substituted. 

For R^ in option (ii), preferably Ci-nalkyl is selected from Ci-galkyl, C2.6alkyl, methyl, 
20 propyl (e.g., isopropyl), butyl (e.g., isobutyl or r^rr-butyl), pentyl and adamantyl (e.g., 1- 
adamantyl). For Ci.galkyl in (Ci.8alkyl)aryl or (Ci-salkyOR, the alkyl is selected from 
C2-6alkyl, methyl, propyl (e.g., isopropyl), butyl (e.g., isobutyl or tert-hixtyl) and pentyl. 
Preferably, where Ce-ioaryl is mentioned, the aryl is phenyl. Preferably, Z^-(Ci.8alkyl)aryl 
represents Z"-(Ci.8alkyl)benzodioxol. Preferably, where a 5-, 6-, 7-, 8-, 9- or 10-membered 
25 heterocycle is mentioned, this is selected from benzofuryl (e.g., benzofur-2-yl), furyl (e.g., 2- 
furyl), tetrahydrofuranyl (e.g., tetrahydro-2-furanyl), thienyl (e.g., 2-thienyl), morpholinyl 
(e.g., 4-morpholinyl), isoxazolyl (e.g., 4-isoxazolyl or 5-isoxazolyl), dioxoimidazolidinyl 
(e.g., 2,5-dioxoimidazoIidinyl), pyrazinyl, dioxotetrahydropurinyl (e.g., 2,6-dioxo-l, 2,3,6- 
tetrahydro-purin-7-yl), benzofuranyl (e.g., 2-benzofuranyl), pyridyl (e.g., 2-pyridyl or 3- 
30 pyridyl), quinolyl (e.g., 4-quinolyl), pyrrolidinyl (e.g., 2-pyrrolidinyl), piperazinyl (e.g., 1- 
piperazinyl), imidazopyridazinyl (e.g., imidazo[l,2-fc]pyrida2inyl) and tetrazolyl (e.g., 
tetrazol-2-yl, l,2,3,4-tetrazol-2-yl). Preferably, the C3-8cycloalkyI is selected from cyclopropyl 
C4_6cycloalkyl and cyclopentyl. For optional substitution of the cycloalkyl, alkylaryl, aryl or 
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heterocycle, at least one (e.g., one, two or three) substituents may be provided independently 
selected from Ci_6alkyl (preferably C2-4alkyl, more preferably methyl); phenyl; OCF3; OCHF?; 
-0(Ci.8alkyl), preferably -O-methyl, -O-ethyl or -0(C3.6alkyl); -C(=0)0(Ci.8alkyl), 
preferably -C(=0)0-methyl, -C(=0)0-ethyl, -C(=0)0-re?rf-butyl or -C(=0)0(C3.6alkyl); 
5 -C(=0)0-phenyl; -O-phenyl; -C(=0) (Cusalkyl), preferably -C(=0)-methyl, .C(=0)-ethyl or 
-C(=0)(C3-6alkyl) ; -C(=0)OH; -S(Ci-8alkyl), preferably -S-methyl, -S-ethyl or -S(C3-6alkyl); 
OH; halogen (e.g., F. CI or Br), NRR' where R and R' are independently H or Ci_6alkyl 
(preferably C2.4alkyi, more preferably methyl, most preferably R=R*=methyl); and nitro. 

For option (ii), the Cs.sheterocyclic ring is preferably selected from piperidinyl (e.g., 1- 

10 piperidinyl), piperazinyl (e.g., 1-piperazinyl), morpholinyl (e.g., 4-morpholinyl) and tetrazolyl 
(e.g., l,2,3,4-tetrazol-2-yl). Preferably, the Cc-ioring structure is selected from cyclohexyl and 
a benzo ring. For optional substitution of -NR^R^, at least one (e.g., one, two or three) 
substituents may be provided independently selected from Ci_6alkyl (preferably C2-4alkyl, 
more preferably methyl); phenyl; OCF3; OCHF2; -©(Ci.salkyl), preferably -O-methyl, -O- 

15 ethyl or -0(C3.6alkyl); -C(=0)0(Ci-8alkyl), preferably -C(=0)0-methyl, -C(=0)0-ethyl or 
-C(=0)0(C3-6alkyl); -O-phenyl; -C(=0) (Ci.galkyl), preferably -C(=0)-methyl, -C(=0)-ethyl 
or -C(=0)(C3.6alkyl) ; -S(Ci.8alkyl), preferably -S-methyl, -S-ethyl or -S(C3-6alkyl); OH; 
halogen (e.g., F, CI or Br), NRR' where R and R' are independently H or Ci.ealkyi (preferably 
C2-4alkyl, more preferably methyl, most preferably R=R'=methyl); and nitro. 

20 In formula I, a represents 1, 2, 3, 4 or 5 (preferably 1 or 2); each b independently 

represents 1, 2, 3, 4 or 5 (preferably 1 or 2); c represents 1, 2, 3, 4 or 5 (preferably 1 or 2); c' 
represents 1, 2, 3, 4 or 5 (preferably 1 or 2); d represents 1, 2, 3, 4 or 5 (preferably 1 or 2); 
each e independently represents 1, 2, 3, 4 or 5 (preferably 1 or 2); f represents 1, 2, 3, 4 or 5 
(preferably 1 or 2); and g represents zero or represents 1, 2, 3, 4 or 5 (preferably 1 or 2). 

25 In the present specification, unless otherwise indicated, an alkyl substituent may be 

linear or branched. 

Where optional substitution of aryl is mentioned, the substituent can be selected from 
Ci-oalkyl (preferably C2-4alkyl, and most preferably methyl); 0(C3-8cycloalkyl), preferably O- 
cyclopropyl, or O-cyclobutyl or O-cyclopentyl; 0(Ct.6alkyl), preferably Omethyl or 
30 0(C2.4alkyl); Hal, preferably CI or F; CHab, CHHab, CH2Hal, OCHab, OCHHab or 
OCH2Hal, wherein Hal represents halogen (preferably F); NRR', wherein R and R' 
independently represent H or Ci.galkyl (preferably methyl or C2-6alkyl or C2.4alkyl) , or NRR' 
represents an optionally substituted Cs-s* preferably C3-6, heterocyclic ring optionally 
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containing 1, 2 or 3 further heteroatoms independently selected from O, N and S; H; COOR'' 
or COR"', R'' representing H or Ci.ealkyi (preferably methyl, ethyl); or CH2OH. For optional 
substitution of the heterocyclic ring represented by NRR', at least one (e.g., one, two or three) 
substituents may be provided independently selected from Ci-calkyl (preferably C2-4alkyl, 
5 more preferably methyl); phenyl; OCF3; OCHF2; -©(Ci.galkyl), preferably -O-methyl, -O- 
ethyl or -0(C3.6alkyl); -C(=0)0(Ci-8alkyl), preferably -C(=0)0-methyl, -C(=0)0-ethyl, 
-C(=0)0-/€rf-butyl or -C(=0)0(C3-6alkyl); -C(=0)0>phenyl; -O-phenyl; -C(=0) (Ci.galkyl), 
preferably -C(=0)-methyl, -C(=0)-ethyl or -C(=0)(C3.6alkyl) ; -C(=0)OH; -S(Ci.8alkyl), 
preferably -S-methyl, -S-ethyl or -S(C3-6alkyl); OH; halogen (e.g., F, CI or Br), NRR' where R 
10 and R' are independently H or Ci.6alkyl (preferably C2.4alkyl, more preferably methyl, most 
preferably R=R'=methyl); and nitre. 

In one embodiment, a is 1, 2 or 3; b is 2; c' is 1, 2, 3, 4 or 5; d is 1, 2 or 3; e is 2; f is 
1, 2 or 3; and g is 1 or 2. 

Another embodiment has the general structure lb 

Y 



15 




lb 



^^^^^ 
wherein: 

X is S, S(=0), S(=0)2 or O. 

Y is Ci.6alkyl, 0(Ci.6alkyl), Hal; CHab, CHHab, CH2Hal, OCHab, OCHHali or 
OCH2Hal. 

20 R' is -(CH2)a-R^ -((CH2)20)c'R^ -(CH2)d-R'\ -(CH2)aC(=0)R^ -(CH2)dC(=0)R^\ 

.((CH2)20)c'-(CH2)f-R'\ 

R"^ is Ci^alkyl; optionally substituted Cs-gcycloalkyl optionally containing 1, 2 or 3 
heteroatoms independently selected from O, N and S; optionally substituted Cs.ioaromatic ring 
structure optionally containing 1, 2 or 3 heteroatoms independently selected from O, N and S; 
25 or an optionally substituted 5- to 10-membered mono- or bi -cyclic heterocyclic ring structure 
• containing 1, 2, 3, 4 or 5 heteroatoms independently selected from O, N and S, wherein the 
heterocyclic ring contains at least one carbon atom and contains no more than one O and no 
more than one S per cycle. 

R'^' is -Z-M wherein Z represents O, S or NH and M represents H, an optionally 
30 substituted mono- or bi- cyclic 5-, 6-, 7-, 8-, 9- or 10-membered heterocyclic ring structure 
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containing 1, 2, 3, 4, 5 or 6 heteroatoms independently selected from O, N and S, wherein the 
heterocyclic ring contains at least one carbon atom and contains no more than one O and no 
more than one S per cycle; or an optionally substituted C5-10 aromatic ring structure optionally 
containing 1, 2 or 3 heteroatoms independently selected from O, N and S; or -Z-M represents 
5 -C(=0)NR^R^ -NR^R\ -0C(=0)NRV, -NC(=0)NRV or -NC(=0)RI 
For R*^ and R*^, either: 

(i) R^ is H; Ci-iialkyl; optionally substituted Cs.gcycloalkyl optionally fused to a benzo 
ring; optionally substituted (Ci-8alkyl)aryl wherein the aryl is Ce.io; optionally substituted 
(Ci.8alkyl)R, where R represents a mono- or bi-cyclic 5-, 6-, 7-, 8-, 9- or lO-membered 

10 heterocycle containing 1, 2, 3, 4, 5 or 6 heteroatoms independently selected from O, N and S, 
wherein the heterocyclic ring contains at least one carbon atom and contains no more than one 
O and no more than one S per cycle; or R represents a mono-, bi- or tri-cyclic Cs.ncycloalkyl; 
optionally substituted Ce.io^i'yU an optionally substituted mono- or bi-cyclic 5-, 6-, 7-, 8-, 9- or 
10-membered heterocycle containing 1, 2, 3, 4, 5 or 6 heteroatoms independently selected 

15 from O, N and S, wherein the heterocyclic ring contains at least one carbon atom and contains 
no more than one O and no more than one S per cycle; or -C(=0)-0-Ar, wherein Ar represents 
optionally substituted Ce-ioaryl; and 
R^ is H; or 

(ii) the structure -NR^R^ represents a C3.8 heterocyclic ring optionally containing 1, 2 or 3 
20 further heteroatoms independently selected from O, N and S, wherein the heterocyclic ring 

contains at least one carbon atom and contains no more than one O and no more than one S 
per cycle; -NR^R^ being optionally substituted. 

In one variation of the above embodiments, X is S or O; R^ is -(CHzh^^ -(CH2)2R^', 
-CH2C(=0)R^ or -CH2C(=0)R^'; and R^ is optionally substituted Cs-scycloalkyl optionally 

25 containing 1, 2 or 3 heteroatoms independently selected from O, N and S; optionally 
substituted Cs-ioaromatic ring structure optionally containing 1, 2 or 3 heteroatoms 
independently selected from O, N and S; or an optionally substituted 5- to 10-membered 
mono- or bi-cyclic heterocyclic ring structure containing 1, 2, 3, 4 or 5 heteroatoms 
independently selected from O, N and S. 

30 In another variation of the above embodiments, R^ is selected from -iso-Bu, 

-(CH2CH20)3CH3, -(CH2CH2)-4-morpholinyl, -(CH2CH20)5CH3, -(CH2CH2)-l-(2-methyl-5- 
nitro-imidazolyl), -(CH2CH2)-l-(l,2,4-triazolyl), and -(CH2CH2)-OC(=0)NH-Ph. 
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In still another variation of the above embodiments, represents 

Q VV* 

wherein: 

Q IsCHorN; 
5 Q'isNH, OorS; 

W isCHorN; 
W'isCH orN; and 

is Ci-ealkyl; OCCs-scycloalkyl); 0(Ci-6aIkyl); Hal; CHab, CHHab, CHsHal, 
OCHab, OCHHah or OCH2Hal, wherein Hal represents halogen; NRR', wherein R and R" 
10 independently represent H or Ci-salkyl, or NRR' represents an optionally substituted 
C3-8heterocyclic ring optionally containing 1, 2 or 3 further heteroatoms independently 
selected from O, N and S, wherein the heterocyclic ring contains at least one carbon atom and 
contains no more than one O and no more than one S; H; COOR^ or COR^, R^ representing H 
or Ci-ealkyl; or CH2OH. 
15 Preferred compounds are selected from compounds II, III, IV and V 
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I H 




Specific examples of compounds according to the invention are given below. Mass 
spectral molecular ion data are reported in units of m/z (mass/charge) in Daltons. 
Compound 1 

.OH 




Mass spec* molecular ion: M+H= 331 

2-({3-[(l//-benzimidazol-2-ylsuIfanyl)methyl]-2-methylphenyl}sulfanyl)-l-ethanol 
Compound 2 




10 Mass spec' molecular ion: M+H=417 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl 
isopropylcarbamate 
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Compound 3 




H 



Mass spec' molecular ion: M-i-H= 450 

2-({3-[(lH-benzimidazoI-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethy 
5 phenylcarbamate 
Compound 4 




H 



NMR: 

NMR (dmso-6?6) ppm 2.42 (s, 3H), 3.26 (t, 7=6.7 Hz, 2H), 4.22 (t, 7=6.7 Hz, 2H), 4.62 (s, 
10 2H), 6.95-7.68 (m, 16H), 9.57 (s, IH, NH), 12.61 (s, IH, NH), 

2-({3-[(l^f-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethy^ 4- 
phenoxyphenylcarbamate 
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Compound 5 




H 



Mass spec' molecular ion: M4-H= 445 

2-( { 34( l/f-benzimidazol-2-ylsulfanyl)methy l]-2-methylphenyl } sulfanyl)e^ 
5 pentylcarbamate 
Compound 6 




H 



Mass spec' molecular ion: M+H= 479 

2K{3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl 2,5- 
10 dimethylphenylcarbamate 
Compound 7 




H 



Mass spec' molecular ion: M+H= 490 
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2-({3-[(l//-benzimidazol-2-yIsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl (15,2/?)-2. 

phenylcyclopropylcarbamate 

Compound 8 




Mass spec' molecular ion: M+H= 456 

2-({3-[(l/^-benzimida2oI-2-ylsulfanyl)methyl]-2-methylphenyI}sulfanyl)ethyI 

cyclohexylcarbamate 

Compound 9 




10 Mass spec' molecular ion: M+H= 496 

2- ({3-[(l//-benzimidazol-2-ylsuIfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl 

3- (methylsuIfanyl)phenylcarbamate 
Compound 10 




wo 01/34573 PCT/SEOO/02192 

- 18- 
Mass spec' molecular ion: M+H= 478 

2-( { 3-[( l//-benzimidazol-2-y Isulfany l)methyl]-2-rriethy Ipheny 1 } sulfany l)ethyl 

phenethylcarbamate 

Compound 11 




H 



Mass spec* molecular ion: M+H= 484 

2-({3-[(l//-benzimiclazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl 2-(2- 

thienyl)ethylcarbamate 

Compound 12 




H 



Mass spec' molecular ion: M+H= 388 

2-({3-[(l^-benzimidazol-2-ylsulfanyI)methyl]-2-methylphenyl}sulfanyI)ethyl 

methylcarbamate. 

Compound 13 




H 



Mass spec* molecular ion: M+H= 464 



wo 01/34573 PCT/SEOO/02192 

- 19- 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyI}suIfanyl)eth 2- 

methylphenylcarbamate 

Compound 14 




H 



5 Mass spec' molecular ion: M+H= 480 

2-({3-[(l//-benzimidazol-2-ylsulfanyI)methyl]-2-methylphenyi}sulfanyl)ethyI 3- 

methoxyphenylcarbamate 

Compound IS 



H 




10 Mass spec' molecular ion: M+H= 468 

2-({3-[(l^-benzimidazol-2-yIsuIfanyl)methyl]-2-methyIphenyl}sulfanyl)ethyl 4- 

fluorophenylcarbamate 

Compound 16 




H 



15 Mass spec' molecular ion: M+H= 464 



wo 01/34573 PCT/SEOO/02192 

-20- 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)et^^ 

benzylcarbamate 

Compound 17 




H 



5 Mass spec' molecular ion: Mh-H= 508 

methyl 3-({[2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)- 
ethoxy]carbonyl }ainino)benzoate 
Compound 18 




H 



10 Mass spec' molecular ion: M+H= 532 

2-({3-[(l/f-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}suIfanyl)eth 3,4- 

dichlorobenzylcarbamate 

Compound 19 




H 



wo 01/34573 PCT/SEOO/02192 

-21 - 

Mass spec' molecular ion: M+H= 486 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl 3,4- 

difluorophenylcarbamate 

Compound 20 




H 



Mass spec* molecular ion: M+H= 494 

2-({3-[(lH-benzimidazol-2-ylsulfanyI)methyl]-2-methylphenyl}sulfanyl)ethyI phenyl 

dicarbonimidoate 

Compound 21 




Mass spec' molecular ion: M+H= 529 

2-({3-[(l//-benzimidazol-2-yIsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl 3- 

bromophenylcarbamate 

Compound 22 




H 



wo 01/34573 PCT/SEOO/02192 

-22- 

Mass spec' molecular ion: M+H= 478 

2<{3-[(l//-benzimidazol-2-ylsulfanyl)methyI]-2-methylphenyl}sulfanyI)^ 3- 

methylbenzylcarbamate 

Compound 23 




H 



Mass spec' molecular ion; M+H= 550 

ethyl 2-({[2-({3-[(ljy-benzimidazol-2-ylsulfanyi)methyl]-2-methylphenyl}sulfanyI)ethoxy]- 
carbonyl } aniino)-3-phenylpropanoate 
Compound 24 




Mass spec' molecular ion: M-hH= 469 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl 3,5-dimethyl-4- 

isoxazolylcarbamate 

Compound 25 



wo 01/34573 



-23- 



PCT/SEOO/02192 




H 



Mass spec' molecular ion: M+H= 492 

2-({3-[(l//-benzimidazol-2-ylsuIfanyi)methyl]-2-methyIphenyl}suIfanyl)eth^ 3- 
acetylphenylcarbamate 
5 Compound 26 




H 



Mass spec* molecular ion: M+H= 478 

2-({3-[(l//-benziniidazoI-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl 
benzoylcarbamate 
10 Compound 27 




H 



Mass spec' molecular ion: M+H= 499 

2-({3-[(lH-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl 4-chloro-2- 
methylphenylcarbamate 



wo 01/34573 



-24- 



PCT/SEOO/02192 



Compound 28 

O 




H 



Mass spec' molecular ion: M4-H= 494 

2-({3-[(l//-benzimidazol-2-ylsuIfanyl)methyI]-2-methyIphenyl}sulfanyl)ethyl 4- 
5 methoxybenzylcarbamate 
Compound 29 




H 



Mass spec* molecular ion: M+H= 518 

2-({3-[(lH-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl 3,4- 
10 dichlorophenylcarbamate 
Compound 30 




H 



Mass spec' molecular ion: M+H= 493 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl 
15 4-(dimethylamino)phenylcarbamate 



wo 01/34573 



PCT/SEOO/02192 



-25- 

Compound 31 



CI 




H 



Mass spec' molecular ion: M+H= 518 

2-({3-[(l/f-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}suIfanyl)e^^ 2,5- 
5 dichlorophenylcarbamate 
Compound 32 




H 



Mass spec' molecular ion: M+H= 510 

2-({3-[(l//-benzimidazol-2-ylsulfanyI)methyl]-2-methylphenyl}sulfanyl)ethyl 3,5- 
10 dimethoxyphenylcarbamate 
Compound 33 




S 




wo 01/34573 PCT/SEOO/02192 

-26- 

Mass spec' molecular ion: M-\-li= 510 

2-((3-[(lH-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethy 2,4- 

dimethoxyphenylcarbamate 

Compound 34 




H 



Mass spec' molecular ion: M+H= 478 

2-({3-[(l//-benzimidazol-2-ylsulfanyI)methyI]-2-methylphenyI}sulfanyI)eth^^ 

phenylethylcarbamate 

Compound 35 




Mass spec' molecular ion: M-i-H= 522 
ethyl 4-({ [2-({3-[(l/f-benzimidazol-2-ylsuIfanyl)methyl]-2- 
methylphenyl }sulfanyl)ethoxy]carbonyl }amino)benzoate 
Compound 36 



wo 01/34573 



-27- 



PCT/SEOO/02192 




H 



Mass spec' molecular ion: M+H= 478 

2-({3-[(m-benzimidazol-2-yIsulfanyl)methyl]-2-methylphenyl}sulfanyl)et^^^ 2- 
ethylphenylcarbamate 
5 Compound 37 




H 



Mass spec' molecular ion: M+H= 496 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyI]-2-methylphenyl}sulfanyl)ethyl 4- 
fluorobenzoylcarbamate 
10 Compound 38 




H 



Mass spec' molecular ion: Mh-H= 330 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethylaniine 
Compound 39 



wo 01/34573 



-28- 



PCT/SEOO/02192 




Mass spec' molecular ion: M+H= 434 

yV-[2-({3-[(l/f-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)^ 
Compound 40 




Mass spec* molecular ion: M+H= 440 
A^-[2-({3-[(l^^-benzimidazol-2-ylsulfanyl)methyl]-2- 
methyIphenyl}sulfanyl)ethyl]cyclohexanecarboxamide 
Compound 41 




Mass spec' molecular ion: M+H= 470 

^-[2K{3-[(lH-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyI}sulfanyl)ethyl]-2.[(45> 
2,5-dioxoinnidazolidinyl]acetamide 



IS Compound 42 



wo 01/34573 



-29- 



PCT/SEOO/02192 




H 



Mass spec' molecular ion: M+H= 541 

r^rr-butyl 4-({ [2-({3-[(l//-benzimidazol-2-ylsuIfanyl)methyl]-2-. 
methylphenyl}sulfanyl)ethyl]amino}carbonyl)-l-piperidinecarboxylate 
S Compound 43 




H 



Mass spec' molecular ion: M4-H= 436 

/^.[2-({3.[(l^-ben2imidazol-2-ylsulfanyl)methyI]-2-methylphenyl}sulfanyl)ethyI] 
pyrazinecarboxamide 
10 Compound 44 




H 



Mass spec' molecular ion: M+H= 506 

2-(l-adamantyI)-A/-[2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2- 
methylphenyl}sulfanyl)ethyl]acetamide 
15 Compound 45 



wo 01/34573 



-30- 



PCT/SEOO/02192 




H 



Mass spec' molecular ion: M+H= 550 

iV-[2-( { 3-[(l//-ben2imidazoU2-ylsulfanyl)methy l]-2-methylphenyl } sulfas 
dimethyI-2,6-dioxo-l,2,3,6-tetrahydro-7//-purin-7-yl)acetamidc 
S Compound 46 




H 



Mass spec' molecular ion: M+H= 424 

A^-[2-({3-[(li/-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl]-2-furamid^ 
Compound 47 




Mass spec' molecular ion: M+H= 469 

A/-[2-({3-[(l/f-benzimida2ol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl]-5-n^ 

furamide 

Compound 48 



wo 01/34573 



-31 - 



PCT/SEOO/02192 




H 



Mass spec' molecular ion: M+H= 440 

A^-[2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methyIphenyl}sulfany 
thiophenecarboxamide 
5 Compound 49 




H 



Mass spec' molecular ion: M+H= 474 

A^-[2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl]-l- 
benzofuran-2-carboxamide 
10 Compound 50 




H 



Mass spec' molecular ion: Mh-H= 466 

Ar-[2<{3-[(lH-benzimidazol-2-ylsulfanyl)methyI]-2-methylphenyl}sulfanyl)ethyl]^ 
methyl- l//-pyrazole-5-carboxamide 

15 

Compound 51 



wo 01/34573 



-32- 



PCT/SEOO/02192 




H 



Mass spec* molecular ion: M+H=: 435 
A^-[2-({3-[(l//-benzimidazol-2-yIsulfanyl)methyl]-2- 
methylphenyl}sulfanyl)ethyl]nicotinamide 
5 Compound 52 




H 



Mass spec' molecular ion: Mh-H= 485 

N-[2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl]-4- 
quinolinecarboxamide 
10 Compound 53 




H 



Mass spec' molecular ion: M+H= 453 

A^-[2-( { 3-[( l//-benzimidazol-2-y Isulfany l)methyl]-2-methylpheny I } sulfanyl)ethyl]-3,5- 
dimethyl-4-isoxazolecarboxamide 
15 Compound 54 



wo 01/34573 



-33- 



PCT/SEOO/02192 



O 




H 

Mass spec' molecular ion: M+H= 425 

N42-( { 3-[( lH-benzimidazol-2-ylsulfanyI)methyl]-2-methylpheny 1 } sulf^^ 
isoxazolecarboxamide 
5 Compound 55 




H 



Mass spec' molecular ion: M-hH= 344 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyI}sulfanyl)acetamide 
Compound 56 




Mass spec' molecular ion: M+H= 384 

2-( { 3-[( l//-benzimidazol-2-y lsulfanyl)methyl]-2-methylphenyl } sulf any l)-iV- 

cyclopropylaeetamide 

Compound 57 



wo 01/34573 



-34- 



PCT/SEOO/02192 




H 



Mass spec' molecular ion: Mh-H= 478 

2-({3-[(l//-benzimidazol'2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)-y^^ 
5-yImethyl)acetamide 
5 Compound 58 




H 



Mass spec' molecular ion; M+H= 412 

2-( { 3- [( lH-benzimidazol-2-y Isulf any l)methyl]-2-methy Ipheny 1 } sulf any I)- 1 -( 1 -piperidiny 1)- 1 - 
ethanone 
10 Compound 59 




H 

Mass spec' molecular ion: M+H= 424 



wo 01/34573 PCT/SEOO/02192 

-35- 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)-A^-(^ 

furylmethyl)acetamide 

Compound 60 




H 



5 Mass spec* molecular ion: M+H= 426 

2-({3-[(li/-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)-/^^ 

cyclohexylacetamide 

Compound 61 




H 



10 Mass spec' molecular ion: M+H= 428 

2-({3-[(lJ7-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)-iV-(tetrahydro 

furanylmethyOacetamide 

Compound 62 




H 



15 Mass spec' molecular ion: M+H= 412 



wo 01/34573 PCT/SEOO/02192 

-36- 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)-^^ 
eye lopen ty lacetami de 
Compound 63 




H 



5 Mass spec* molecular ion: M+H= 440 

2-({3-[(l/y-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)-Ar^ 

thienylmethyOacetamide 

Compound 64 




H 



10 Mass spec* molecular ion: M+H= 457 

2-({3-[(lf/-benzimidazol-2.ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)-A'-[2-(4- 

morpholinyl)ethyl]acetamide 

Compound 65 




15 Mass spec' molecular ion: M+H=460 



wo 01/34573 PCT/SEOO/02192 

-37- 

2-({3-[(l//-benzimidazol-2-ylsuIfanyl)methyl]-2-methylphenyl}sulfanyl)^^ 

inden-2-yl)acetamide 

Compound 66 




H 

5 Mass spec' molecular ion: M+H= 434 

2-({3-[(lif-benzimidazol-2-ylsulfanyl)methyl]-2-methyIphenyl}sulfanyl)-A^-ben^ 
Compound 67 




Mass spec' molecular ion: M+H= 508 
10 2-({3-[(lH-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)-A^-(2,5- 
dimethoxyphenethyl)acetamide 
Compound 68 




H 



NMR: 



wo 01/34573 



PCT/SEOO/02192 



-38- 



*H NMR (dmso-c/6) ppm 2.42 (s, 3H), 2.71 (m, 2H), 3.77 (s, 2H), 4.37 (m, 2H), 4.62 (s, 2H), 
7.10-7.16 (m, 7H), 7.56 (m, IH), 7.66 (m, IH), 8.49 (m, IH), 8.75 (m, IH), 12.61 (s, IH, 
NW). 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyI)-A^-[2-(2^ 
5 pyridinyl)ethyl]acetamicle 
Compound 69 



Mass spec* molecular ion: M+H= 455 

2-( { 3-[( l//-benzimidazol-2-ylsulfanyI)methyl]-2-methylphenyl } sulfanyl)-;^^ 
10 pyrrolidinyl)ethyl]acetamide 
Compound 70 



H 




H 




H 



Mass spec' molecular ion: M+H= 538 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)-Ar-(3,3- 



1 5 dipheny Ipropy l)acetamide 
Compound 71 



wo 01/34573 



-39- 



PCT/SEOO/02192 




H 



Mass spec' molecular ion: M+H= 449 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)-A^- 
phenethylacetamide 
5 Compound 72 




H 



Mass spec' molecular ion: M+H= 479 

2-( { 3-[( l/y-benzimidazol-2-y Isulf any l)methyl]-2-methy Iphenyl } sulf any l)-Ar-(4- 
methoxyphenethyl)acetamide 
10 Compound 73 




H 



Mass spec' molecular ion: Mh-H= 429 

2-({3-[(l//-benzimidazol-2-ylsulfanyi)methyl]-2-methylphenyl}sulfanyl)-iV-hexylacetamide 
Compound 74 



wo 01/34573 



-40- 



PCT/SEOO/02192 




H 



Mass Spec* molecular ion: M+H=401 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyI}sulfanyl)-A^^^ 
Compound 75 




H 



Mass spec' molecular ion: M+H= 436 

2-({3-[(l//-benzimidazol-2-ylsuIfanyI)methyl]-2-methylphenyl}sulfanyI)-A^-(4- 

pyridinylmethyl)acetamide 

Compound 76 



O 




H 



7^-[2-({3-[(l/y-benzimidazoI-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)acetyl]-^^ 

furohydrazide 

Compound 77 



wo 01/34573 



-41 - 



PCT/SEOO/02192 




H 



Mass spec' molecular ion: M+H= 467 

2-({3-[(ljfif-benzirnidazoI-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyI)-l-o 
quinolinyl-l-ethanone 
5 Compound 78 




H 



Mass spec' molecular ion: Mh-H= 450 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyI]-2-methylphenyl}sulfanyl> 
A^-(benzyIoxy)acetamide 
10 Compound 79 




H 

Mass spec' molecular ion: M+H= 519 



wo 01/34573 PCT/SEOO/02192 

-42- 

2-({3-[(l^-benzimida2ol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfan^ 

methoxyphenyl)-l-piperazinyl]-l-ethanone 

Compound 80 




5 Mass spec' molecular ion: M-fH= 521 

2-({3-[(l//-benzimidazol-2'ylsulfanyl)rnethyl]-2-methylphenyl}sulfanyl)-l-[6J-d^ 

3,4-dihydro-2(l/^-isaquinolinyl]-l-ethanone 

Compound 81 




H 



10 Mass spec* molecular ion: M+H= 477 

2-({3-[(lH-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)-A^-(4- 

butylphenyl)acetamide 

Compound 82 



wo 01/34573 



-43- 



PCT/SEOO/02192 




H 



Mass spec' molecular ion: M+H= 427 

2-( { 3' [( lH-benzimidazol-2-ylsulfanyl)methyl]-2-rnethylphenyl } sulfanyl)- 1 -(4-methy 1- 1- 
piperazinyl)- 1 -ethanone 
5 Compound 83 




Mass spec' molecular ion: M+H= 400 

2-[(2-methyl-3-{[2-(4-morpholinyl)ethyl]sulfanyl}benzyl)sulfanyl]-l^f-benzimidazole 
Compound 84 




Mass spec' molecular ion: M+H= 413 

2-[(2-methyl-3-{[2-(4-methyl-l-piperazinyl)ethyl]sulfanyl}benzyl)sulfanyl]-l//^ 

benzimidazole 

Compound 85 



wo 01/34573 



-44- 



PCT/SEOO/02192 




Mass spec' molecular ion: M+H= 400 

2-({3-[(lH-imidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl phenylcarbamate 
Compound 86 




Mass spec' molecular ion: M+H= 478 

2-[(2-methyl-3-{[(5-phenyI-13,4-oxadiazoN2-yl)sulfanyl]methyl}phenyl)sulfanyI]ethyl 

phenylcarbamate 

Compound 87 




Mass spec* molecular ion: M+H= 412 

2-({2-methyl-3-[(2-pyrimidinylsulfanyl)methyl]phenyl}sulfanyI)ethyl phenylcarbamate 
Compound 88 



wo 01/34573 



-45- 



PCT/SEOO/02192 




Mass spec' molecular ion: M+H= 478 

2-[(2-methy 1-3- {[( 1 -phenyl- IJV- 1 ,23,4-tetra2ol-5-yl)sulfanyl]methy^ 
phenylcarbamate 
5 Compound 89 




Mass spec' molecular ion: M+H= 552 

2-[(3-{[(4,5-diphenyl-l//-imidazol-2-yl)sulfanyI]methyl}-2-methylphenyl)suIfanyl]ethyl 
pheny Ic arbamate 
10 Compound 90 



O 




Mass spec' molecular ion: M+H= 451 

2-({3-[(3//-imidazo[4,5-c]pyriciin-2-yIsulfanyi)methyl]-2-methylphenyl}sulfanyl)ethyl 
pheny Ic arbamate 
15 Compound 91 



wo 01/34573 



-46- 



PCT/SEOO/02192 




Mass spec' molecular ion: M+H= 451 

2-({3-[(13'benzoxazol-2-ylsulfanyl)methyl]-2-methyIphenyl}sulfanyl)ethyl phenylcarbamate 
Compound 92 




Mass spec' molecular ion: M+H= 411 

2-({2-methyl-3-[(2-pyridinyIsulfanyl)methyl]phenyl}sulfanyl)ethyl phenylcarbamate 
Compound 93 




Mass spec' molecular ion: M+H=411 

2-({2-methyl-3-[(4-pyridinylsulfanyl)methyI]phenyl}sulfanyl)ethyl phenylcarbamate 
Compound 94 



wo 01/34573 



-47- 



PCT/SEOO/02192 




Mass spec' molecular ion: M+H= 493 

2-[(2-methyl-3-{[(4-phenyl-13-thiazol-2-yl)sulfanyl]methyl}phenyl)sulfanyU 
phenylcarbamate 
5 Compound 95 




Mass spec' molecular ion: M+H= 417 

2-({2-methyl-3-[(l,3-thiazol-2-ylsuIfanyl)methyl]phenyl}sulfanyl)ethyI phenylcarbamate 
Compound 96 



10 




Mass spec' molecular ion: M+H= 480 

2-[(3-{[(5-melhoxy-l//-benzimidazol-2-yl)sulfanyl]rhethyl}-2-methylphenyl)sulfanyl]ethyl 
phenylcarbamate 



wo 01/34573 



-48- 



PCT/SEOO/02192 



Compound 97 




H 



Mass spec' molecular ion: M+H= 449 

A^-[2-({3-[(l//.benzimidazol-2-ylsulfanyl)methyl]-2-methyIphenyl}su^ 
5 phenylurea 
Compound 98 




H 



Mass spec' molecular ion: M+H= 45 1 

^^.[2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl^ 
10 pyrazinyOurea 
Compound 99 




Mass spec' molecular ion: M+H= 493 

6-[2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethoxy]--3-' 
1 5 nitroimidazo[ 1 ,2-Z7]pyridazine 



wo 01/34573 



-49- 



PCT/SEOO/02192 



Compound 100 




Mass spec' molecular ion: M+H= 522 
A/-{[2-({3-[(lH-benzimidazol-2-ylsulfanyl)methyl]-2- 
5 methylphenyl}suIfanyl)ethoxy]carbonyl} phenylalanine 
Compound 101 




H 



Mass spec' molecular ion: M+H= 383 

2-[(2-methyl-3-{[2K2//-l,23,4-tetrazol-2-yl)ethyl]sulfanyl}benzyl)sulfanyl]^ 
10 benzimidazole 
Compound 102 




H 



15 



Mass spec' molecular ion: M+H= 384 

2-[(2-methyl-3-{[2-(2//'l,2,3,4-tetrazol-2-yl)ethyl]sulfanyl}benzyl)sulfanyl]-^^ 
c]pyridine 



wo 01/34573 



-50- 



PCT/SEOO/02192 



Compound 103 




NMR: 

400 MHz ^H-NMR {CHCI3-C/) ppm 1.03 (d, 6H), 2.10 (m. 1H), 2.29 (s, 3H), 3.70 (d, 

5 2H), 4.56 (s, 2H), 6.75 (d, 1H), 6.90 (d, 1H), 7.05 (t, 1H), 7.20 (t, 1H), 7.21 (t, 1H). 
7.29 (d, 1H), 7.70 (d, 1H). 

2-[(3-isobutoxy-2-methyIbenzyl)sulfanyI]-lH-benzimidazole 
Compound 104 




10 NMR: 

500 MHz ^H-NMR (CHCIa-d) ppm 2.30 (s, 3H), 2.65 (m, 4H), 2.87 (m, 2H), 3.75 (m, 

4H), 4.13 (m, 2H). 4.60 (s. 2H), 6.80 (d, 1 H), 6.97 (d, 1H). 7.09 (t, 1H), 7.19-7.30 (m, 
2H), 7.33 (d, IN), 7.74 (d, 1H). 

2-( { 2-methy I-3-[2-(4-morpholiny l)ethoxy]benzyl } sulf anyl)- IH-benzimidazole 
15 Compound 105 



wo 01/34573 



-51 - 



PCT/SEOO/02192 




H 



Mass spec* molecular ion: [M-H]= 324 
2-[(3-isobutoxy-2-methylbenzyl)sulfanyI]-l/f-indole 
Compound 106 




O O— 

5 ^ ' 

Mass spec* molecular ion: M+Na= 439 

2-[(3-{2-[2-(2-methoxyethoxy)ethoxy]ethoxy}-2-methylbenzyl)sulfanyl]-l//-benzimidazole 
Compound 107 




10 Mass spec' molecular ion: M+Na = 527 

2- { [2-methy l-3-(3 ,6,9, 1 2, 1 5-pentaoxahexadec- 1 -y loxy )benzy l]sulfanyl } - l//-benzimidazole 



Compound 108 



wo 01/34573 



-52- 
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NMR: 

500 MHz ^H-NMR (CHCIs-d) ppm 2.43 (s, 3H), 3.02 (t, 2H), 3.35 (s, 3H), 3.52-3.55 
(m, 2H), 3.56-3.68 (m, 8H), 4.55 (s. 2H), 7,01 (t, 1H), 7.12 (d, 1H), 7.19-7.23 (m, 2H), 
5 7.25 (d, 1 H), 7.50-7.55 (m, 2H). 

2-{ [3-({ 2-[2-(2-methoxyethoxy)ethoxy]ethyI }sulfanyl)-2-methylbenzyl]sulfanyl 

benzimidazole 

Compound 109 




o^^ ^o^^^ ^o^^^ p— 

10 Mass spec' molecular ion: M+Na= 543 

2-{[2-methyl-3<3,6,9,12,15-pentaoxahexadec-l-ylsulfanyl)benzyl]sulfanyl}-l//- 

benzimidazole 
Compound 110 
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NMR: 

600 MHz ^H-NMR (CHCIa-o') ppm 1.05 (d, 3H), 1.06 (d, 3H), 2.15 (m, 1H), 2.34 (s. 
3H). 3.73 (d, 2H). 4.65 (s, 2H), 6.79 (d, 1H), 7.02 (d, 1H), 7.11 (t, 1H). 7.31 {t. 1H), 
7.44 (t, 1 H). 7.77 (d, 1 H), 7.92 (d, 1 H). 
5 2-[(3-isobutoxy-2-methylbenzyl)sulfanyl]-l,3-benzothiazole 
Compound 111 




NMR: 

600 MHz ^H-NMR (CHCI3-CO PPm 1.10 (d, 6H), 2.16 (m, 1H), 2.39 (s, 3H), 3.76 (d, 
10 2H), 4.66 (S, 2H), 6.83 (d. 1 H), 7.07 (d, 1 H), 7.15 (t, 1 H), 7.28 (t, 1 H), 7.32 (t, 1 H), 
7.47 (d, 1H), 7.68 (d, IN). 

2-[(3-isobutoxy-2-methylbenzyl)sulfanyl]- 1 ,3-benzoxazoIe 
Compound 112 




H 



15 Mass spec' molecular ion: M+H= 343 

2- { [3-(isobutylsulf anyl)-2-methy lbenzyl]sulf anyl } - l//-benzimidazole 
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Compound 113 




300 MHz ""h-NMR (CH3OH-GW) ppm 2.26 (s, 3H), 2.43 (s, 3H). 3.29 (t, 2H), 4.40 (t, 

5 2H), 4.49 (s, 2H), 4.89 (broad, >3H, exchangeable with D2O), 7.02 (t, 1 H), 7.09-7.19 

(m, 3H), 7.29 (d, 1H), 7.36-7.49 (m. 2H), 7.79 (s, IH). 

2-[(2-methyl-3-{[2-(2-methyl-5-nitro-lf^-irnidazol-l-yl)ethyl]sulfanyl}benzyl)sulfanyl]-l//- 

benzimidazole 

Compound 114 




NMR: 

300 MHz H-NMR (CHCI3-CO ppm 2.37 (s, 3H), 3.28 (t, 2H), 4.30 (t, 2H), 4.43 (s, 2H), 
6.86-7.00 (m, 2H), 7.10-7.22 (m, 3H). 7.32-7.72 (broad, 2H), 7.87 (s, IH), 7.91 (s, 
IH). 

15 2-[(2-methyl-3-{[2-(l//-l,2,4-triazol-l-yl)ethyl]suIfanyl}benzyl)sulfanyI]-lJ7-benzimidazole 
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Compound 115 




Mass spec* molecular ion: M+H= 593 

ethyl 2-{[2-methyl-3-(3,6,942J5-pentaoxahexadec-l-ylsulfanyi)benzyllsulfanyl}-l//- 
5 benzimidazole-5-carboxylate 
Compound 116 




Mass spec' molecular ion: M+Na= 599 

1 -(2- { [2-methy 1-3 -(3,6,9,12, 1 5-pentaoxahexadec- 1 -y lsulfanyl)benzyl]sulfanyl } - 1//- 
1 0 benzimidazol- 5 -y 1 )- 1 -propanone 
Compound 117 




Mass spec' molecular ion: M4-Na= 558 

2- { [2-methyl-3-(3,6,9, 1 2, 1 5-pentaoxahexadec- 1 -y lsulfanyl)benzyl]sulf anyl } - 1//- 
15 benzimidazol-5-amine 
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Compound 118 




Mass spec' molecular iori: M+Na= 573 

(2- { [2-methy l-3-(3 ,6,9, 12,1 5-pentaoxahexadec- 1 -y Isulf any l)benzy 1] sulf any 1 } - IH- 
5 benzimidazol-5-yl)methanol 
Compound 119 




Mass spec' molecular ion: Mass spec' molecular ion: [M-H]- = 329 
2-{3-[(l//-benziniidazol-2-yIsulfanyl)methyl]-2-methoxyphenoxy}-l-ethanol 
10 Compound 120 

H 




Mass spec' molecular ion: M4-H= 450 

2-{3-[(l/^-benzimidazol-2-ylsulfanyl)methyl]-2-methoxyphenoxy}ethyl phenylcarbamate 
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Compound 121 




Mass spec* molecular ion: M+H= 335 

2-{3-[(li^-benzimidazol-2-ylsuIfanyl)methyl]-2-chlorophenoxy}-l-ethanol 
5 Compound 122 




Mass spec' molecular ion: M+H= 454 

2-{3-[(lf/-benzimidazol-2-ylsulfanyl)methyl]-2-chlorophenoxy}ethyl phenylcarbamate 
10 The compounds of formula I above may be converted to a pharmaceutically-acceptable 

salt or solvate thereof, preferably an acid addition salt such as a hydrochloride, hydrobromide, 
phosphate, acetate, fumarate, maleate, tartrate, citrate, oxalate, methanesulfonate or p- 
toluenesulfonate, or an alkali metal salt such as a sodium or potassium salt. 

The compounds of formula I can be prepared by a process comprising any one of steps 
15 (a) to (h) as follows: 

(a) reducing compound VI 

O 



VI 

Y 

wherein R'^ represents (CH2)d or -(CH2)f.i-0-(CH2)e- and ^ represents H or Ci-oalkyl; or 
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VII 



(b) reacting compound VII with R^-NCO 

/Z^ ^(CH2)a ^R' 

wherein represents O or NH; or 

(c) reducing compound Vm 

y<J^ VIII 

Y 

wherein R'° represents a bond, (CH2)cior-(CH2)f-0-(CH2)e-; or 

(d) reacting compound VU with R*-COOH; or 

(e) reacting compound IX with NHR'^R^; or 



HOzC^ 

^(CH2)d 




(CH2)g_,/R' 



IX 



10 (f) reacting compound X with NHR^R^ 




X 



wherein represents a leaving group and R'*' represents (CH2)dOr-(CH2)f-0-(CH2)e-; or 



Y 

2 



XI 



(g) reacting compound XI with R^-SH - 
15 wherein iJ represents a leaving group; or 

(h) reducing compound XII 

O 



Y 



XII 



wherein R'° represents (CH2)d or -(CH2)M-0-(CH2)e- 
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It will be appreciated by those skilled in the art that in the processes of the present 
invention certain functional groups such as hydroxyl or amino groups in the starting reagents 
or intermediate compounds may need to be protected. by protecting groups. Thus, the 
preparation of the compounds of formula (I) may involve, at an appropriate stage, the addition 
5 and subsequent removal of one or more protecting groups. 

The protection and deprotection of functional groups is described in 'Protective Groups 
in Organic Chemistry*, edited by J.W.F. McOmie. Plenum Press (1973) and 'Protective 
Groups in Organic Synthesis', 2nd edition, T.W. Greene and P.G.M. Wuts, Wiley-Interscience 
(1991). 

10 The compounds of the present invention have anti-Helicobacter pylori activity, i.e., 

they can be administered to a mammalian patient therapeutically to treat Helicobacter pylori 
infection in the patient and/or to prevent such infection. A further advantage of compounds of 
the invention is that they are particularly selective for Helicobacter pylori. 
Experimental 

15 Scheme 1 





3-[(2-Methoxy-2-oxoethyl)sulfanyl]-2-methylbenzoic acid 

3-amino-2-methylbenzoic acid, 11.3 g, was dissolved in H2O (100 mL) and cone. HCL 

(15 mL) was added at 0 °C NaN02 (5.5 g) in H2O (40 mL) was added to the above 
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suspension over 30min. The above diazonium salt was kept at O^'C and added slowly (over 40 
min) to a solution of methyl thioglycolate, 8.48 g in 50 mL of MeOH at 60 °C. During the 
addition, the pH of the reaction medium was kept around 5 ~ 6 by adding sat. Na2C03 very 
carefully. After the end of addition, the reaction was heated at 60 to 70 °C for additional 
5 45min. The mixture was cooled to 0 °C and pH was adjusted to 1 with cone. HCL & 
extracted with EtOAc, dried over Na2S04, filtered, and the solvent was evaporated to give 
17.4 g of crude 3-[(2-methoxy-2-oxoethyI)suIfanyl]-2-methylbenzoic acid. 
Methyl 2-{ [3-(hydroxy methy I)-2-methy lphenyl]sulfanyl}acetate 

3-[(2-methoxy-2-oxoethyl)sulfanyI]>2-methylbenzoic acid, 15.4 g, was dissolved in 

10 120 mL TUF and cooled on an ice bath. Borane-THF solution, 130 mL (IM in THF) was 
added slowly. The reaction was stirred for 1 hour then quenched with ice water, extracted 
with EtOAc, dried over Na2S04, purified by flash chromatography (silica gel, CH2Cl2/EtOAc 
= 20/1) to give 5 grams of methyl 2-{[3-(hydroxymethyl)-2-methylphenyl]sulfanyl}acetate. 
Methyl 2-{ [3-(chloroinethyI)-2-methyIphenyl]sulfanyI}acetate 

15 Methyl 2-{ [3-(hydroxymethyl)-2-methylphenyI]sulfanyl} acetate, 4.4 g was dissolved 

in 220 mL methylene chloride, treated with thionyl chloride, 5 mL, and stirred at room temp, 
for 4 hours. The solvents were evaporated to yield 4.3 g of methyl 2-{[3-(chloromethyl)-2- 
methylphenyl]sulfanyl} acetate as a slightly brown oil. 

Methyl 2-({3-[(lJ7-ben2imidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)acetate 

20 2-mercaptobenzimidazole, 2 g, was dissolved in a solution of 10 mL water, 30 mL 

methanol, and 0.53 g NaOH, and cooled on an ice bath. A solution of 3.2 g of methyl 2- 
{ [3-(chloromethyl)-2-methylphenyl]sulfanyl}acetate in 50 mL methanol was added and the 
reaction was stirred at room temp, for 6 hours. The solvents were evaporated and the residue 
was partitioned between 600 mL CH2CI2 and 300 mL of 5% Na2C03, the org. layer was 

25 collected, dried over Na2S04 and evaporated to give 3.1 g methyl 2-({3-[(l//-benzimidazol- 
2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)acetate as a light yellow solid. 
2-({3-[(l//-Benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)-l-ethanol 

Methyl 2-({3-[(lH-benzimidazol-2-ylsulfanyl)methyl]-2- 
methy Iphenyljsulf any l)acetate, 5.7 g, was dissolved in 100 mL THF and cooled on a ice-bath. 

30 Lithium aluminum hydride, 0.5 g was added portion-wise under ca 5 min. After 30 min the 
reaction was quenched with Glauber salt(Na2SO4Xl0H2O). Filtration and evaporation afforded 
2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)-l-ethanol, 4.1 g. 
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Mass spec; M-i-H=331. 

2-({3-[(l//-Benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyI}sulfanyl)ethyl 
phenylcarbamate 

100 mg of 2-({3-[(l/f-benzimiclazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)-l- 
5 ethanol was dissolved in 2 mL DMF, and 35 mg phenyl isocyanate was added, the mixture 
was stirred for 18 hours at room temp., and concentrated in vacuo. Purification by reverse 
phase HPLC gave 60 mg 2-({3-[(l//-benzimidazoI-2-ylsulfanyl)methyl]-2-methylphenyl}- 
sulfanyl)ethyl phenylcarbamate as a white solid. 
Mass spec; M+H=450. 
10 Scheme 2 



2-({3-[(2-Azidoethyl)suIfanyl]-2-methylbenzyI}sulfanyl)-l/f-benzimidazole 

2-({3-[(l//-benzimidazoI-2-yisuIfanyl)methyl]-2-methylpheiiyl}sulfanyl)-l-ethanol, 
0.165 g, triphenylphosphine, 0.184 g, and sodium azide, 0.13 g, were combined with stirring 

15 in 4 mL DMF on an ice bath, carbon tetrabromide, 0.25 g, was added, and the reaction was 
allowed to proceed for 18 hours. 20 mL methylene chloride was added, the resulting 
suspension was filtered, the solids were rinsed with methylene chloride and the filtrate washed 
with brine, dried over Na2S04, and evaporated. Purification of the residue by flash 
chromatography (silica gel, EtOAc/Hexane = 1:5 ) gave 2-({3-[(2-azidoethyI)sulfanyl]-2- 

20 methylbenzyl }sulfanyl)-l//-benzimidazoIe, 0.85 g. Mass spec; M+H=356 

2-({3-[(lf/-BenzimidazoI-2-ylsulfanyl)methyl]-2-methylphenyl}suIfanyl)ethylamm^ 

2-({3-[(2-a2idoethyl)sulfanyi]-2-methylbenzyl}suIfanyl)-l//-benzimidazole, 0.42 g, 
was added to a suspension of 0.3 g lithium aluminum hydride in 10 mL THF over an ice bath. 
After 45 minutes, the reaction was quenched with Na2SO4.10H2O until H2 evolution ceased. 



OH 
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The mixture was filtered, evaporated, dissolved in ethyl acetate and extracted with IN HCl. 
The aqueous layer was washed with ethyl acetate and evaporated to give 275 mg of 2-({3- 
[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethylamine as a white 
solid. Mass spec; M+H=330 
5 Ar-[2-({3-[(l//-Benzimidazol-2-ylsuIfanyl)methyl].2-methylphenyI}$ulfanyl)ethy 
pyrazinecarboxamide 

To a solution of 2-({3-[(lf/-benziniidazol-2-ylsulfanyl)methyl]-2- 
methylphenyl}sulfanyl)ethy lamina (658 mg), 2-pyrazinecarboxylic acid (248 mg), 
diisopropylethylamine (1 mL) and DMF (8 mL) was added HBTU (829 mg). The resulting 

10 mixture was stirred overnight. The mixture was transferred to a sep. funnel and diluted with 
EtOAc (200 mL) and washed with water (2 x 100 mL). The organic layer was washed with 
Sat. Brine, dried over MgS04, filtered and concentrated. The crude residue was purified by 
reverse phase HPLC, C18 column (10-100% MeCN/HzO) to give iV-[2-({3-[(l//- 
benzimidazol-2-yIsulfanyI)methyl]-2-methylphenyl}sulfanyl)ethyl]-2-pyrazinecarboxamide as 

15 600mg white solid. Mass spec; M+H=436 
Scheme 3 



2-({3-[(li/-Benzimidazol-2-yIsulfanyl)methyl]-2-methylphenyI}sulfanyl)acetic acid 

Methyl 2-( { 3-[( lH-benzimidazol-2-ylsulf anyl)methyl]-2- 

20 methylphenyl}sulfanyl)acetate, 0.68 g, was dissolved in 14 mL MeOH and treated with excess 
LiOH dissolved in 2 nnL H2O for 1 h. The solvents were evaporated and the residue was 
partitioned between 100 mL 5% NaaCOa and 100 mL EtOAc. The aq layer was collected and 
the pH was adjusted to about 4 with 4M HCl. The aq layer was extracted with a 2: 1 ethyl 
acetate/THF mixture. The combined organic layers were dried over MgS04 and evaporated to 

25 leave 2-({ 3-[(lfl'-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyI }sulfanyl)acetic acid as a 
white solid, 0.5 g. 




o 
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2-({34(l//-Benzimidazol-2-yIsuIfanyl)methyl]-2-methylphenyl}sulfanyI)-l-(l- 
piperidinyl)-l-ethanone 

100 mg of 2-({3-[(l//-Benzimidazol-2-ylsulfanyl)methyl]-2- 
methylphenyl}sulfanyl)acetic acid was dissolved in 2 mL of DMF, 30 mg piperidine and 120 
5 mg of HBTU were added. The mixture was stirred for 18 hours, diluted with ethyl acetate, 

washed with 5% NaHC03, saturated NaCl, dried over MgS04, and evaporated to give 2-({3- 

[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methyIphenyl}sulfanyl>l-(l-piperidinyI)-l- 
ethanone, 1 10 mg. Mass spec; M+H=412. 
Scheme 4 



10 




2-({3-[(2-ChIoroethyl)sulfanyl]-2-methyIbenzyl}sulfanyl)-l//^-benzimidazole 

0.38 g 2-({3-[(l//-Benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)-l- 

ethanol was combined with 5 mL CH2CI2 and cooled to 0 °C. Excess SOCI2 was added. Cold 

bath removed. Suspension stirred at RT for 2 hours. Concentrated in vacuo, 0.39 g crude 
15 2-({ 3-[(2-chloroethyl)sulfanyl]-2-methylbenzyI }sulfanyl)-l/f-benzimidazole obtained. 

2-[(2-methyl-3-{[2-(4.morpholinyl)ethyl]sulfanyl}beiizyl)sulfanyl]-lJyr-benzimW^ 

2-({3-[(2-Chloroethyl)sulfanyl]-2-methylbenzyl}sulfanyl)-l//-benzimidazole, 0.202 g, 

1.3 mL morpholine, 3 mL DMF, and 1 mL DMSO combined and warmed at 80 °C for 1 day. 

Diluted to 100 mL with ethyl acetate. Washed with water, brine (2X), dried over MgS04, 
20 evaporated to give a thick oil. Purified via preparative HPLC to give 2-[(2-methyl-3-{ [2-(4- 

morpholinyl)ethyl]sulfanyl}benzyl)sulfanyl]-l//-benzimidazole as a fine powder, 0.12 g. 

Mass spec; M+H=400. 

Compound 1 13 can be prepared by a similar scheme by using 2-methyl-5-nitro-l//- 

imidazole in place of morpholine. 
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Compound 1 14 can be prepared by a similar scheme by using l//-triazole in place of 
morpholine. 
Scheme 5 




5 Methyl 2-{3-[(l//-benzimidazol-2-ylsuIfanyl)methyl]-2-methylphenoxy}acetate 

2-Mercaptobenzimidazole, 2 g, was dissolved in a solution of 10 mL water, 30 mL 
methanol, and 0.53 g NaOH, and cooled on an ice bath. A solution of 3.2 g of methyl 2- 
[3-(chloromethyl)-2-methylphenoxy]acetate in 50 mL methanol was added and the reaction 
was stirred at room temp, for 6 hours. The solvents were evaporated and the residue was 

10 partitioned between 600 mL CH2CI2 and 300 mL of 5% Na2C03, the org. layer was collected, 
dried over Na2S04 and evaporated to give 3.1 g methyl 2-{3-[(lH-benzimidazol-2- 
ylsuIfanyl)methyl]-2-methylphenoxy} acetate as a light yellow solid. 
2-{3-[(l//-Benzimidazol-2-ylsulfanyl)methyl]-2-methylphenoxy}acetic acid 

Methyl 2- {3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-'methylphenoxy} acetate, 0.68 

15 g, was dissolved in 14 mL MeOH and treated with excess Li OH dissolved in 2 mL H2O for 1 
h. The solvents were evaporated and the residue was partitioned between 100 mL 5% Na2C03 
and 100 mL EtOAc, The aq layer was collected and the pH was adjusted to about 4 with 4M 
HCl. The aq layer was extracted with a 2:1 ethyl acetate/THF mixture. The combined organic 
layers were dried over MgS04 and evaporated to leave 2-{3-[(l//-benzimidazol-2- 

20 ylsulfanyl)methyl]-2-methylphenoxy} acetic acid as a white solid, 0,5 g. 

2-{3-[(l//-BenzimidazoI-2-ylsulfanyi)methyl]-2-methylphenoxy}-l-(4-morpholinyl)-l- 
ethanone 
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100 mg of 2- {3-[(l//-benzimidazol-2-ylsulfanyl)rTiethyl]-2-methylphenoxy} acetic acid 
was dissolved in 2 mL of DMF, 30 mg morpholine and 120 mg of HBTU were added. The 

mixture was stirred for 18 hours, diluted with ethyl acetate, washed with 5% NaHC03, 

saturated NaCI, dried over MgS04, and evaporated to give 2-{3-[(l//-benzimidazol-2- 
5 yIsulfanyl)methyl]-2-methylphenoxy}-l-(4-morpholinyl)-l-ethanone, 110 mg, 
2-({2-Methyl-3-[2-(4-morpholinyl)ethoxy]benzyI}suifanyI)-l//-benzimidazole 

2-{3-[(l//-Benzimidazol-2-yIsulfanyl)methyl]-2-methylphenoxy}-l-(4-morpholinyl)- 
1-ethanone, 0.7 g, was dissolve in 20 mL THF. 0.2 g lithium aluminum hydride was added, 
and the mixtue was warmed to 70 °C for 45 minutes. Na2SO4-10H2O was added, the mixture 
10 was filtered, concentrated and purified by column chromatography (SiOz , ethyl acetate) to 
give 2-({2-methyl-3-[2-(4-morpholiriyl)ethoxy]benzyl}sulfanyl)-lif-benzimidazole as a white 
foam. 0.42 g. 
Scheme 6 



1 5 (3-Isobutoxy-2-methy Iphenyl)methanol 

2-Methyl-3-hydroxymethylphenoI [prepared by lithium aluminum hydride reduction of 
2-methyl-3-hydroxybenzoic acid], 1 g, isobutyl bromide, 1.6 mL, and K2CO3, 3 g, were 
combined in 10 mL DMF and stirred at 70 "^C for 1 day. The mixture was diluted with ethyl 
acetate, washed with water and brine, dried over MgS04, and evaporated to give (3-isobutoxy- 

20 2-methylphenyl)methanol as a yellow waxy solid, 1.15 g. 
l-(3-Isobutoxy-2-inethylbenzyl)-l/f-ben2imidazole 

0.5 g (3-isobutoxy-2-methyIphenyl)methanol was dissolved in 3 mL CH2CI2, and 0.7 
mL SOCI2 was carefully added. The mixture was stirred for 30 min., then concentrated to 
give crude l-(chloromethyl)-3-isobutoxy-2-methylbenzene. The crude chloride sample was 

25 dissolved in 3 mL DMF, and 0.26 g benzimidazole and 0.6 g K2CO3 were added. The 
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suspension was stirred at rt overnight. The mixture was diluted with ethyl acetate, washed 
with water and brine, dried over MgS04, and evaporated to give a residue which was purified 
by flash chromatography, silica gel, 20-50% ethyl acetate/Hexane. l-(3-isobutoxy-2- 
methylbenzyl)-l//-benzimidazole was thus obtained as an off-white solid, 0.6g. Mass spec; 
5 M+H=295. 

2- [(3-Isobutoxy-2-methylbenzyI)suIfanyl]-lfr-benzimidazoIe 

2-MercaptobenzimidazoIe, 2 g, was dissolved in a solution of 10 mL water, 30 mL 
methanol, and 0.53 g NaOH, and cooled on an ice bath. A solution of 3.2 g l-(chloromethyl)- 

3- isobutoxy-2-methyIbenzene in 50 mL methanol was added and the reaction was stirred at 
10 room temp, for 6 hours. The solvents were evaporated and the residue was partitioned 

between 600 mL CH2CI2 and 300 nnL of 5% NaaCOs, the org. layer was collected, dried over 
Na2S04 and evaporated to give 3.1 g 2-[(3-isobutoxy-2-methylbenzyl)sulfanyl]-l//- 
benzimidazole as a light yellow solid. 

Compound 105 can be made by a similar scheme by using 2-mercaptoindole in place 
15 of 2-mercaptobenzimidazole. 

Compound 110 can be made by a similar scheme by using 2-mercaptobenzothiazole in 
place of 2-mercaptobenzimidazole. 

Compound 111 can be made by a similar scheme by using 2-mercaptobenzoxazole in 
place of 2-mercaptobenzimidazole. 
20 Scheme 7 




2-({2-Methyl-3-((2-pyrimidinylsulfanyl)methyl]phenyl}sulfanyI)ethyl phenylcarbamate 

To a solution of 135 mg of 2-{ [3-(chloromethyl)-2-methylphenyl]sulfanyl}ethyl 
phenylcarbamate in 2 mL DMF was added 65 mg of 2-thiopyrimidine, and 600 mg K2CO3. 
25 The suspension was stirred vigorously at RT for 1.5 hrs. The mixture was diluted to 25 mL 
with ethyl acetate, washed with 15 mL water, 2 X 15mL IN KOH, 15mL brine, and dried over 
MgS04. Evaporation gave a thick oil. Purification by flash chromatography, silica gel, 10- 
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30% ethyl acetate/hexane gave 2-({2-methyl-3-[(2- 

pyrimidinylsulfanyl)methyl]phenyl}sulfanyl)ethyl phenylcarbamate as a waxy solid, 130 mg. 
Mass spec; M+H=412. 
Scheme 8 



5 




^-[2-({34(l/^-Benzimidazoi-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)^ 
phenylurea 

100 mg of the 2-({3-[(lf/-benzimidazol-2-ylsulfanyl)methyl]-2- 
methylphenyl}sulfanyl)-l-ethanamine was dissolved in 2 mL of DMF and 36 mg of phenyl 
10 isocyanate was added. The mixture was stirred at rt overnight. The reaction was evaporated, 
and the crude compound was purified by reverse phase preparative HPLC to give A/-[2-({3- 
[(l//-benzimidazoI-2-ylsulfanyl)methyl]-2-methylphenyl }sulfanyl)ethyl]-Ar-phenylurea as a 
white powder, 85 mg. Mass spec; M+H=449. 
Scheme 9 



15 




6-[2-({3-[(l//-Ben2imidazol-2-yIsulfanyl)methyl]-2-methyIphenyl}sulfanyl)ethoxy]-3- 
nitroimidazo[l,2-6]pyridazine 

To a solution of 330 mg of 2-({3-[(lf/-benzimidazol-2-ylsulfanyl)methyl]-2- 
methylphenyl}sulfanyl)-l-ethanol in 30 mL DMF was added 160 mg sodium hydride (60% 

20 dispersion in oil), the suspension was stirred for 30 min, then 199 mg of 6-chloro-3- 

nitroimidazo[l,2-Z7]pyridazine (Kobe, J.; Stanovnik, B.; Tisler, Miha. Tetrahedron (1968), 
24(1), 239) was added. After stirring the suspension overnight at rt, 5 mL water was added 
carefully, then the mixture was concentrated under vacuum to leave a brown solid residue. 
The residue was stirred with acetone and filtered, the filtrate was concentrated and the 

25 resulting solids were rinsed with hot ethanol to yield 6-[2-({3-[(l//-benzimidazol-2- 
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ylsulfanyl)methyl]-2-methyIphenyl}suIfanyI)ethoxy]-3-nitroirruda2o[l,^ as a 

light brown powder, 140 mg. 
Scheme 10 




5 N-{[2-({3-[(m-Ben2imidazol-2-yisulfanyl)methyl]-2- 
methylphenyl}sulfanyl)ethoxy]carbonyI}phenylaIanine 

25 mg of ethyl 2-({[2-({3-[(l//-benzimidazol-2-ylsuIfanyl)methyl]-2-methylphenyl}- 
su]fanyl)ethoxy]carbonyl}amino)-3-phenylpropanoate was combined with 0.1 mL IM KOH, 
and 0.5 mL dioxane to give a clear solution. After stirring for Ihr at rt the reaction was 

10 diluted with water, extracted twice with ethyl acetate, the aq layer was acidified with cone 
HCl and extracted three times with ethyl acetate. The organic layer was dried over MgS04 
and evaporated to yield a clear oil. Trituration with 1:1 ether/hexane gave //-{[2-({3-[(l^- 
benzimidazol-2-ylsuIfanyl)methyl]-2-methylphenyl } sulfanyl)ethoxy]carbonyl } phenylalanine 
as a white solid: 20 mg. Mass spec; M+H=522. 

15 Scheme 11 




2-(2.{[3-({[rcr^-ButyI(dimethyl)siIyl]oxy}methyl)-2-methylphenyl]suIfanyl}ethyl)-2^^ 
1 ,2,394- tetraazole 
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2-{[3-({[feAt-Butyl(dimethyl)siiyl]oxy}methyl)-2-methylphenyl]sulfanyl }-l-ethanoI, 
1.2 g, triphenylphosphine, 1.6 g, and tetrazole, 0.42 g, were combined in 10 mL THF to give a 
clear solution. The mixture was cooled to 0 '^C, and 0.94 mL diethylazodicarboxylate was 
added. The reaction was allowed to slowly come to rt while stirring overnight. Evaporation 
5 and purification by flash chromatography, silica gel, 9: 1 hexane : ethyl acetate, gave 2-(2- 
{[3-({[rerr-butyl(dimethyl)siIyl]oxy}methyl)-2-methylphenyl]sulfanyl}ethyl)-2H-l, 2,3,4^ 
tetraazole as an oil, 770 mg, 

(2-Methyl-3-{[2-(2//-l,2,3,4-tetraazol-2-yI)ethyl]sulfanyI}phenyl)methanol 

2-(2-{[3-({[r^At-Butyl(dimethyl)silyl]oxy}methyl)-2-methylphenyl]sulfanyI}ethyl)-2//- 
10 1,2,3,4-tetraazole, 770 mg, was dissolved in 20 mL THF and treated with 3 mL 75% aq. 

TBAF (tetrabutylammonium fluoride). The solution was stirred at rt overnight, concentrated, 
diluted with ethyl acetate, washed with 10% citric acid, then brine and dried over Na2S04. 
Evaporation and purification by flash chromatography, silica gel, 1:1 hexane : ethyl acetate, 
gave (2-methyl-3-{[2-(2J7-l,2,3,4-tetraazol-2-yl)ethyl]sulfanyl}phenyl)methanol, 500 mg. 
15 2-(2.{[3-(Chloromethyl)-2-methylphenyl]suIfanyl}ethyl)-2f/-l,2,3,4-tetraazole 
To a solution of 100 mg of (2-methyl-3-{ [2-(2//-l,2,3,4-tetraazol-2. 
yl)ethyl]sulfanyl}phenyl)methanol in 4 mL methylene chloride at 0 °C was added 1 mL 
thionyl chloride. The cold bath was removed and the mixture was stirred at rt for 1.5 hrs. 
Evaporation to dryness gave 2-(2-{[3-(chloromethyl)-2-methylphenyl]sulfanyl}ethyl)-2//- 
20 1,2,3,4-tetraazole, 105 mg. 

lH-Benzimidazol-2-yl 2-methyl-3-{[2.(2H-l,2,3,4.tetraazol-2.yl)ethyl]sulfanyl}benzyl 
sulfide 

2-(2-{[3-(chloromethyl)-2-methylphenyl]sulfanyl}ethyl)-2H-l,2,3.4-tetraazole, 105 
mg, was dissolved in 2 mL DMF, 1 g K2CO3 and 100 mg 2-thiobenzimidazole were added 
25 and the suspension was stirred at rt overnight. The mixture was diluted with water, extracted 
with methylene chloride, washed with brine, dried over MgS04, and evaporated. Purification 
by flash chromatography, silica gel, 1.5 : 1 ethyl acetate : hexane gave l//-benzimidazol-2-yl 
2-methyl-3-{[2-(2//-l,2,3,4-tetraazol-2-yl)ethyl]sulfanyl}benzyl sulfide as an off-white solid, 
70 mg. Mass spec; M+H=383. 
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Scheme 12 




2- Chloro-3-(hydroxyinethyI)phenoI 

2 g 2-chloro-3 -hydroxy benzaldehyde (Ginsburg, D. J.Amer.Chem,Soc. 1951(73), 702) 

5 was dissolved in 30 mL THF / 10 mL methanol / 20 mL IN KOH, 1 g NaBH4 was added. 

After stirring at RT for 1.5 hrs, the mixture was diluted with water and extracted with ether 
(2X). The aqueous layer was acidified with cone. HCl, and extracted with ethyl acetate (2X). 
The pooled ethyl acetate layer was dried over MgS04 and evaporated to give 2-chloro- 

3- (hydroxymethyl)phenol as a white solid, 2.02 g. 

10 [3-(2-{[^e/t-Butyl(dimethyl)silyI]oxy}ethoxy)-2-chlorophenyI]methanol 

2-Chloro-3-(hydroxymethyl)phenoI, 0.3 17 g, K2CO3, 0.264 g, and (2- 

bromoethoxy)(/^rr-butyl)dimethylsiIane, 0.429 mL, were combined in 10 mL acetonitrile. 

The suspension was refluxed for 18 hrs, and an additional 0.2 mL (2-bromoethoxy)(reAt- 

butyl)dimethylsilane was added. After refluxing the mixture an additional 24 hrs, it was 
15 filtered, and evaporated to give a crude residue. Purification by column chromatography (8:2 

hexane : ethyl acetate) gave [3-(2-{[f^r?-butyl(dimethyl)silyl]oxy}ethoxy)-2- 

chlorophenyl]methanol as a clear oil, 0.42 g. 

{2-[3-(BromoraethyI)-2-chIorophenoxy]ethoxy}(rer/-butyl)dimethylsilane 

//-bromosuccinimide, 0.47 g, was dissolved in 20 mL methylene chloride and cooled 
20 to 0 "^C. Dimethylsulfide, 0.213 mL, was added slowly and the mixture was stirred for 30 
minutes at 0 ""C. A solution of 0.42 g [3-(2-{[f^rr-butyl(dimethyl)silyl]oxy}ethoxy)-2- 
chlorophenyljmethanol in 5 mL methylene chloride was added, and the reaction was allowed 
to proceed at RT for 2 h. The mixture was concentrated to give crude {2-[3-(bromomethyl)-2- 
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chlorophenoxy]ethoxy}(f^/t-butyl)dimethylsilane, 0.56 g, used in the next step without any 
further purification. 

2-{[3<2-{[^ert-Butyl(dimethyl)silyl]oxy}ethoxy)-2.chIorobenzyl]suIfanyI}.l//^ 
benzimidazole 

5 0.5 g {2-[3-(bromomethyl)-2-chIorophenoxy]ethoxy}(ferf-butyl)dimethyIsilane was 

combined with 0.2 g benzimidazole and 4 mL 1 M NaOH in 12 mL ethanol. The solution was 
stirred for 2.5 hrs, and the ethanol was evaporated to yield a slurry. Dilution with ethyl 
acetate, extraction with water, then sat. NaCl gave a clear solution. The solution was dried 
over MgS04, and evaporated to give 2-{[3-(2-{[r^rr-buty](dimethyl)silyl]oxy}ethoxy)-2- 

10 chlorobenzyl]sulfanyi}-l//-benzimidazole as a white foam, 0.53 g. 

2-{3-[(l//-Benzimidazol-2-ylsulfanyI)methyI]-2-chlorophenoxy}-l-ethanol 

0.53 g 2-{[3-(2-{[r^rr-butyI(dimethyl)silyl]oxy}ethoxy)-2-chlorobenzyl]sulfanyl}-l//- 
benzimidazole was dissolved in 10 mL THF and 0.52 mL 2.73 M aqueous 
tetrabutylammonium fluoride was added. The solution was stirred for 2 hrs, diluted with 

15 water, and extracted with ethyl acetate. The organic phase was washed with sat. NaCl, dried 
over MgS04 and evaporated to yield 2-{3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2- 
chlorophenoxy}-! -ethanol as 0.4 g white foamy oil. 

2- {3-[(l//-benzimidazol-2-ylsulfanyI)methyI]-2-chIorophenoxy}ethyI phenylcarbamate 

0.4 g 2-{3-[(l//-benzimidazol-2-ylsuifanyl)methyI]-2-chlorophenoxy}-l-ethanol was 
20 dissolved in 5 mL chloroform and 0.15 mL phenyl isocyante was added. The mixture was 
stirred at RT for 2 hrs, diluted with chloroform, washed with water, and sat. NaCl. The 
solution was dried over MgS04 and evaporated to yield 2-{3-[(l//-benzimidazol-2- 
ylsulfanyl)methyl]-2-chlorophenoxy }ethyl phenylcarbamate as 0.52g white solid. 
Compounds 1 19 and 120 can be made by a similar route, but using 2-methoxy- 
25 3-(hydroxymethyl)phenol (see Chemistry Letters, 1986,871) in place of 2-chloro- 

3 - (hydroxy methyl)phenoI. 
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Scheme 13 




Methyl 2-methyl-3-[2-(2-(2-inethoxyethoxy)ethoxy)ethoxy]benzoate 

Methyl 2-methyl-3-hydroxybcnzoate [Fringuelli, F.; Mancini, V.; Taticchi, A. 
5 Tetrahedron, 1969, 25, 4249] ( 0.5 g) was dissolved in 10 mL MeCN, anhydrous K2CO3 ( 1 g) 
was added followed by 2-[2-(2-methoxyethoxy)ethoxy]ethyl methanesulfonate [prepared by 
reaction of the corresponding alcohol with methanesulfonyl chloride] (1.09 g). The mixture 
was allowed to react at reflux over night, cooled, filtered, and taken to dryness. The residue 
was dissolved in CH2CI2 and washed with diluted NaOH (aq) and brine. The organic layer 
10 was collected, dried, and evaporated furnishing 0.56g of the title compound which was used 
without further purification. 

2-Methyl-3-[2-(2-(2-methoxyethoxy)ethoxy)ethoxy]benzyl alcohol 

A solution of Methyl 2-methyl-3-[2-(2-(2-methoxyethoxy)ethoxy)ethoxy]benzoate 

(2.1 mmol) in THF (10 mL) was gently added to a stirred suspension of LiAlH4 (4.5 mmol) in 

15 20 mL THF, then heated to reflux for 2 hours. The reaction was quenched with 0.25 mL 

water, 0.5 mL 2M NaOH, and 0.25 mL water. The mixture was refluxed for another hour and 
then filtered to remove the solids. The filtrate was evaporated affording 0.28 g of the title 
compound. 
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2-Methyl-3-[2-{2-(2-methoxyethoxy)ethoxy)ethoxy]benzyl chloride 

2-Methyl-3-[2-(2-(2-methoxyethoxy)ethoxy)ethoxy]benzyl alcohol (1.1 mmol) was 
dissolved 5 mL CH2CI2 and treated with 0.2 mL SOCh for 30 min at ambient temperature. 
The solvent and excess reagent were evaporated leaving a quantitative yield of the title 
5 compound which was used inmiediately in the next step. 

2-[(3-{2-[2-(2-Methoxyethoxy)ethoxy]ethoxy}-2-niethylbenzyl)suIfanyl]-l^- 
benzimidazole 

2-mercaptobenzimidazole (0.18 g, 1.18 mmol), suspended in 3 mL MeOH, was treated 
with 2 M NaOH (1.3 mL, 2.6 mmol) and allowed to form a solution. 2-Methyl-3-[2-(2-(2- 

10 methoxyethoxy)ethoxy)ethoxy]benzyl chloride (0.33 g, 1.08 mmol) was added and reacted 
for 18 h at ambient temperature. The solvents were evaporated and the residue partitioned 
between water and CH2CI2 (4 x 25 mL). The organic layers were combined, dried, and 
evaporated. Reverse phase preparative LC afforded 115 mg (26%) of the title compound. 
Compound 107 can be prepared by a similar scheme by replacing 2-[2-(2- 

15 methoxyethoxy)ethoxy]ethyl methanesulfonate with 3,6,9,12, 15-pentaoxahexadec-l-yl 
methanesulfonate. 
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Scheme 14 




2-Methyi-3-inercapto-benzoic acid 

3-Amino-2-methylbenzoic acid, 1 L3 g, was dissolved in H2O (100 mL) and cone. 
5 HCL (15 mL) was added at 0 °C. NaN02 (5.5g) in H2O (40 mL) was added to the above 
suspension over 30min. The above diazonium salt was kept at 0 °C and added slowly (over 
40 min) to a solution of potassium ethylxanthogenate (14 g) while the pH continually was 
adjusted to 8 with Na2C03. The mixture was stirred for 30 minutes, cooled to ambient 
temperature, and poured onto a mixture of 300 mL concentrated HCl and 700 mL of ice water. 
10 The precipitate was collected, taken up in water (300 mL), and treated with NaOH (6 g) at 

reflux for 20 h. The mixture was poured onto a mixture of 40 mL concentrated HCl in 300 mL 
ice water and extracted with 3 x 500 mL CH2CI2. The combined organic layers were dried and 
evaporated furnishing 7 g of the title compound as yellow crystals (which slowly oxidized to 
the corresponding disulfide upon standing) 
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2-MethyI-3-mercapto-methyIbenzoate 

2-Methyl-3-mercapto-benzoic acid (14.7 g) was dissolved in 250 mL of MeOH and a 
few drops of cone. H2SO4 was added. The mixture was heated to reflux for 48 hours and then 
allowed to cool to ambient temperature before the bulk MeOH was evaporated. The residue 
5 was dissolved in EiiO and washed with 4 x 50 mL H2O and 50 mL brine. The organic layer 
was collected, dried, and evaporated leaving 14.8 g of the title compound as a viscous yellow 
oil (which slowly oxidized to the corresponding disulfide upon standing. 
2-Methyl-3-mercapto-benzyIalcphoi 

A solution of 2-Methyl-3-mercapto-methylbenzoate (2.0 g) in THF (5 mL) was added 

10 drop wise to a suspension of LiAIH4 (L32 g) in THF (100 noL) under dry and inert 

conditions. The mixture was heated to reflux for 2 h and then quenched with 2 mL of water, 4 
mL of 2 M NaOH, and another 2 mL of water. After refluxing for another hour, solids were 
filtered off and washed with THF and methanol. The combined filtrates were evaporated and 
the residue partitioned between 2M HCl and EtOAc. The organic layer was collected, dried, 

15 and evaporated to yield 1.9 g 2-Methyl-3-mercapto-benzylalcohol, contaminated with the 
corresponding disulfide as an oil. This material could be used in the next step without further 
purification. 

2-Methyl-3-(2-(2-(2-methoxyethoxy)ethoxy)ethyIthio)benzyl alcohol 

A mixture of 2-Methyl-3-mercapto-benzylalcohol and its disulfide (50 mg, 0.325 
20 mmol monomer) in dioxane/water (4/1) (1 mL) and a small amount of concentrated HCl was 
reacted with PPhs (26 mg, 0.1 mmol) for 1 h at ambient temperature in an inert atmosphere. 
The solvents were removed and the residue taken up in MeCN (1 mL) and reacted with EtsN 
(290 mL, 2.08 mmol) and 2-[2-(2-methoxyethoxy)ethoxy]ethyl methanesulfonate [prepared 
by reaction of the corresponding alcohol with methanesulfonyl chloride] (0.30 g, 1.24 mmol) 
25 for 3 days at ambient temperature. The solvent was evaporated and the residue partitioned 
between EtOAc and water. The organic layer was collected, dried, and taken to dryness. The 
product was purified on silica gel (pentane/Et20; 6/4 to 0/10) furnishing 50 mg of the title 
compound as a colorless oil. 

2-Methyl-3-[2-(2-(2-methoxyethoxy)ethoxy)ethyIthio]benzyl chloride 

30 2-Methyl-3-(2-(2-(2-methoxyethoxy)ethoxy)ethylthio)benzyl alcohol (0.17 mmol) was 

dissolved in 2 mL CH2CI2 and treated with 0.1 mL SOCI2 for 30 min at ambient temperature. 
The solvent and excess reagent were evaporated leaving a quantitative yield of the title 
compound which was used immediately in the next step. 
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2-{[3-({2-[2-(2-Methoxyethoxy)ethoxy]ethyl}suIfanyI)-2-methylbenzyI]sulfanyl}-l/f- 
benzimidazole 

2-MercaptobenzimidazoIe (0.33 g, 2.16 mmol), suspended in 6 niL MeOH, was 
treated with 2 M NaOH (2.6 mL) and allowed to form a solution. 2-Methyl-3-[2-(2-(2- 
5 methoxyethoxy)ethoxy)ethylthio]benzyl chloride (0.58 g, 1.80 mmol) was added and reacted 
for 18 h at ambient temperature. The solvents were evaporated and the residue partitioned 
between water and CH2CI2 (4 x 25 mL). The organic layers were combined, dried, and 
evaporated. Reverse phase preparative LC afforded 0.47 g of the title compound. 
Compound 109 can be prepared by a similar scheme by replacing 2-[2-(2- 
10 methoxyethoxy)ethoxy]ethyI methanesulfonate with 3,6,9, 12, 15-pentaoxahexadec-l-yl 
methanesulfonate. 

Compound 1 12 can be prepared by a similar scheme by replacing 2-[2-(2- 
methoxyethoxy)ethoxy]ethyl methanesulfonate with isobutyl bromide. 

Compound 115 can be prepared by a similar scheme by replacing 2-[2-(2- 
15 methoxyethoxy)ethoxy]ethyl methanesulfonate with 3,6,9,12,15-pentaoxahexadec-l-yl 
methanesulfonate, and 2-mercaptobenzimidazole replaced with 5-carboethoxy-2- 
mercaptobenzimidazole. 

Compound 1 16 can be prepared by a similar scheme by replacing 2-[2-(2- 
methoxyethoxy)ethoxy]ethyl methanesulfonate with 3,6,9,12, 15-pentaoxahexadec-l-yl 
20 methanesulfonate, and 2-mercaptobenzimidazole replaced with 5-(propan-l-one)-2- 
mercaptobenzimidazole . 

Compound 117 can be prepared by a similar scheme by replacing 2-[2-(2- 
methoxyethoxy)ethoxy]ethyl methanesulfonate with 3,6,9,12,15-pentaoxahexadec-l-yl 
methanesulfonate, and 2-mercaptobenzimidazole replaced with 5-amino-2- 
25 mercaptobenzi midazole . 

Compound 118 can be prepared by a similar scheme by replacing 2-[2-(2- 
methoxyethoxy)ethoxy]ethyl methanesulfonate with 3,6,9, 12,1 5-pentaoxahexadec-l-y I 
methanesulfonate, and 2-mercaptobenzimidazole replaced with 5-(hydroxymethyl)-2- 
mercaptobenzimidazole. 
30 Table 1 shows which compounds can be made by each of Schemes 1 to 14 or by 

schemes that are similar to schemes 1 to 14, but differ in one or more reagents as will be 
readily apparent to the skilled person taking into account the final compound. 
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Table 1 




SCHEME 


COMPOUND NO. 


1 


1-37 


2 


38-54 


3 


55-82 


4 


83, 84, 113, 114 


5 


104 


6 


103,105,110,111 


7 


85-96 


8 


97, 98 


9 


99 


10 


100 


11 


101, 102 


12 


119-122 


13 


106, 107 


14 


108, 109, 112, 115-118 



ASSAYS 

Microdilution assay 

5 The microdilution assay tests the anti-f/. pylori activity of compounds. In this assay, 

MICs (Minimum Inhibitory Concentrations) were determined against four H, pylori strains, 
including ATCC 43504, that exhibit different susceptibilities to known antibiotics. The tests 
were performed in 24-well microliter plates in which the medium, the inoculum, and the 
antibiotic solutions were distributed in the wells. Serial dilutions were prepared in 24-well 

10 plates containing a total volume of 2 mL medium per well. Cultures were resuspended in 
Brucella broth (ODeoo of 0.6) and 50 ilU of these cultures were inoculated into each well to 
give a final concentration of 10^ cells per mL (ODeoo of less than 0.03, which is the same as 
that of the non-inoculated control). The plates were then incubated for two days and the 
amount of growth recorded (OD600) with a plate reader (Molecular Devices, Sunnyvale, 

15 California). The plates were incubated in a controlled microaerophilic atmosphere (5% O2, 
10% CO2 and 85% N2) that assured optimal growth of the bacterial strains and high 
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reproducibility of results. The MIC was defined as the lowest concentration of antibiotic 
resulting in complete inhibition of growth. 

MIC values <10|Lig/mL are indicative of anti-Helicobacter pylori activity. Compounds 
according to the invention were tested in this assay and give MIC values in this range. 
5 Selectivity Assays 

Standard agar dilution protocols were used to determine the effect of compounds of 
the invention on panels of Gram negative and Gram positive bacteria. The effects on both 
aerobic ["Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria That Grow 
Aerobically-Fourth Edition; Approved Standard" NCCLS Document M7-A4 Vol. 17 No. 2, 

10 January 1997] and anaerobic ["Methods for Antimicrobial Susceptibility Testing of anaerobic 
Bacteria -Third Edition; Approved Standard" NCCLS Document Ml 1-A3 Vol. 13 No. 26, 
December 1993] organisms were measured. Compounds of the invention had no effect in 
these assays at concentrations of greater than ten times the corresponding MICs determined 
vs. Helicobacter pylori in the microdilution assay. 

15 The invention relates in one aspect to a compound of formula I for use as a 

medicament. The compound can be provided as part of a pharmaceutical formulation which 
alo includes a pharmaceutically acceptable diluent or carrier (e.g., water). The formulation 
may be in the form of tablets, capsules, granules, powders, syrups, emulsions (e.g., lipid 
emulsions), suppositories, ointments, creams, drops, suspensions (e.g., aqueous or oily 

20 suspensions) or solutions (e.g., aqueous or oily solutions). If desired, the formulation may 
include one or more additional substances independently selected from stabilising agents, 
wetting agents, emulsfying agents, buffers, lactose, sialic acid, magnesium stearate, terra alba, 
sucrose, com starch, talc, gelatin, agar, pectin, peanut oil, olive oil, cacao butter and ethylene 
glycol. The formulation may contain or be co-administered with one or more known drugs 

25 selected from other clinically useful antibacterial agents. 

The compound is preferably orally administered to a patient, but other routes of 
administration are possible, such as parenteral or rectal administration. For intravenous, 
subcutaneous or inira-muscular administration, the patient may receive a daily dose of 
5 mgkg*^ to 20 mgkg'^ of the compound, the compound being administered 1 to 4 times per 

30 day. The intravenous, subcutaneous and intra-muscular dose may be given by means of a 

bolus injection. Alternatively, the intravenous dose may be given by continuous infusion over 
a period of time. Alternatively, the patient may receive a daily oral dose which is 
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approximately equivalent to the daily parenteral dose, the composition being administered 1 to 
4 times per day. A suitable pharmaceutical formulation is one suitable for oral administration 
in unit dosage form, for example as a tablet or capsule, which contains between lOOmg and Ig 
of the compound of the invention. 
5 The following illustrate representative pharmaceutical dosage forms containing the 

compound of the invention, or a pharmaceutically acceptable salt or solvate thereof (hereafter 
referred to as "compound X")» for therapeutic or prophylactic use in humans. 



(a) 



Tablet I 


ms/tablet 


Compound X. 


100 


Lactose Ph.Eur. 


179 


Croscarmellose sodium 


12.0 


Polyvinylpyrrolidone 


6 


Magnesium stearate 


3.0 


(b) 


Tablet II 


mg/tablet 


Compound X 


50 


Lactose Ph.Eur. 


229 


Croscarmellose sodium 


12.0 


Polyvinylpyrrolidone 


6 


Magnesium stearate 


3.0 


(c) 


Tablet HI 


mg/tablet 


Compound X 


1.0 


Lactose Ph.Eur. 


92 


Croscarmellose sodium 


4.0 


Polyvinylpyrrolidone 


2.0 


Magnesium stearate 


1.0 
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(d) 



Capsule 


mg/capsule 


Compound X 


10 


Lactose Ph. Eur. 


389 


Croscarmellose sodium 


100 


Magnesium stearate 


1. 


(e) 


Infection I 


f 50 me/mL) 


Compound X 


5.0% w/v 


Isotonic aqueous solution 


to 100% 



5 Buffers, pharmaceutically acceptable co-solvents (e.g., polyethylene glycol, propylene 

glycol, glycerol or EtOH) or complexing agents such as hydroxy-propyl P cyclodextrin may be 
used to aid formulation. 

Another aspect of the invention relates to the use of a compound of formula I, in the 
manufacture of a medicament, for the therapeutic and/or prophylactic treatment of 
10 Helicobacter pylori infection in a mammalian host, e.g. a human. By "therapeutic treatment", 
we mean the eradication or suppression of a pre-existing Helicobacter pylori infection in the 
host. 

In a further aspect of the invention, there is provided a method of therapeutically 
treating or preventing Helicobacter pylori infection in a mammal (e.g., a human), the method 
15 comprising administering (e.g., orally) to the mammal a compound of formula I or a 
pharmaceutical formulation as described above. By "therapeutically treating", we mean 
bringing about the eradication or suppression of a pre-existing Helicobacter pylori infection in 
the host. 
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CLAIMS: 



L A compound of formula I or a pharmaceutically acceptable salt or solvate thereof 




Y 



5 wherein: 

X is S; SO2; NH; N(Ci-6aIkyl); O or CH2; 

Y is Ci-ealkyl; OCCs-gcycloalkyl); 0(Ci.6alkyl); Hal; CHab, CHHab, CHzHal, OCHab, 
OCHHab or OCHiHal, wherein Hal represents halogen; NRR', wherein R and R' 
independently represent H or Cugalkyl, or NRR' represents an optionally substituted 
10 Cs-gheterocyclic ring optionally containing 1, 2 or 3 further heteroatoms independently 

selected from O, N and S; H; COOR'' or COR'', R" representing H or Ci.6alkyl; or CH2OH; 

R' is -(CH2)a"R'; -((CH2)bO)c-R'; -(CH2)d-R''; -(CH2)aC(=0)R'; -(CH2)dC(=0)R''; 
-((CH2)e-0)c'-(CH2)f-R''; R' or R^'; 

R^ is an optionally substituted mono- or bi-cyclic 5-, 6-, 7-, 8-, 9- or 10-membered 
15 heterocycle containing 1, 2, 3, 4, 5 or 6 heteroatoms independently selected from O, N and S; 

R"^ is H; Ci.6alkyl; optionally substituted Ca-gcycloalkyl optionally containing 1, 2 or 3 
heteroatoms independently selected from O, N and S; optionally substituted Cs-ioaromatic ring 
structure optionally containing 1, 2 or 3 heteroatoms independently selected from O, N and S; 
or an optionally substituted 5- to 10-membered mono- or bi-cyclic heterocyclic ring structure 
20 containing 1, 2, 3, 4 or 5 heteroatoms independently selected from O, N and S; 

R"^' is -Z-M wherein Z represents O, S or NH and M represents H, an optionally 
substituted mono- or bi- cyclic 5-, 6-, 7-, 8-, 9- or 10-membered heterocyclic ring structure 
containing 1, 2, 3, 4, 5 or 6 heteroatoms independently selected from O, N and S, or an 
optionally substituted Cs-ioaromatic ring structure optionally containing 1, 2 or 3 heteroatoms 
25 independently selected from O, N and S; or -Z-M represents -C(=0)NR^R^, -NR^R^, 
-OC(=0)NR^R^ -NC(=0)NR^R^ or -NC(=0)R^ 

For R^ and R^ either: 

(i) R^ is H; Ci-^alkyl; optionally substituted Cs.gcycloalkyl optionally fused to a benzo 
ring; optionally substituted (Ci.galkyOaryl wherein the aryl is Cc-io; optionally substituted 
30 (Ci-8aIkyl)R, where R represents a mono- or bi-cyclic 5-, 6-, 7-, 8-, 9- or 10-membered 
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heterocycle containing 1, 2, 3, 4, 5 or 6 heteroatoms independently selected from O, N and S 
or R represents a mono-, bi- or tri-cyclic C3_i3cycloalkyl; optionally substituted Ce-ioaryl; an 
optionally substituted mono- or bi-cyclic 5-, 6-, 7-, 8-, 9- or 10-membered heterocycle 
containing 1, 2. 3, 4, 5 or 6 heteroatoms independently selected from O, N and S; or -C(=0)- 
5 O-Ar, wherein Ar represents optionally substituted Ca-io^ryl; and 
is H; or 

(ii) the structure -NR^R^ represents a Cs.gheterocyclic ring optionally containing 1, 2 or 3 
further heteroatoms independently selected from O, N and S, -NR^R^ being optionally 
substituted; 

10 a represents an integer 1, 2, 3, 4 or 5; 



15 



each b independently represents an integer 1, 2, 3, 4 or 5; 

c represents an integer 1, 2, 3, 4 or 5; 

c' represents an integer 1, 2, 3, 4 or 5; 

d represents an integer 1, 2, 3, 4 or 5; 

each e independently represents an integer 1, 2, 3, 4 or 5; 

f represents an integer 1, 2, 3, 4 or 5; and 

g represents zero or an integer 1, 2, 3, 4 or 5; 

or a pharmaceutically acceptable salt or solvate thereof. 



20 2. 



A compound according to Claim 1, wherein: 



a is 1, 2 or 3; 



b is 2; 



c' is 1,2, 3, 4 or 5; 



d is 1, 2 or 3; 



25 



e is 2; 



f is 1, 2 or 3; and 



g is 1 or 2. 



A compound according to Claim 2, having the general structure lb 




lb 
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wherein: 

X is S, S(=0), S(=0)2 orO; 

Y is Ci.6alkyl, 0(Ci.6alkyI), Hal; CHab, CHHah, CHzHal, OCHab, OCHHah or 
OCHzHal; 

5 is -(CH2)a-R^ -((CH2)20)c-R\ -(CH2)d-R^', -(CH2)aC(=0)R^ -(CH2)dC(=0)R^', 

-((CH2)20)c-(CH2)f-R''; 

R"^ is Ci.ealkyl; optionally substituted Cs.gcycloalkyl optionally containing 1, 2 or 3 
heteroatoms independently selected from O, N and S; optionally substituted Cs-ioaromatic ring 
structure optionally containing 1, 2 or 3 heteroatoms independently selected from O, N and S; 
10 or an optionally substituted 5- to 10-membered mono- or bi-cyclic heterocyclic ring structure 
containing 1, 2, 3, 4 or 5 heteroatoms independently selected from O, N and S, wherein the 
heterocyclic ring contains at least one carbon atom and contains no more than one O and no 
more than one S per cycle; 

R-^' is -Z-M wherein Z represents O, S or NH and M represents H, an optionally 
15 substituted mono- or bi- cyclic 5-, 6-, 7-, 8-, 9- or 10-membered heterocyclic ring structure 
containing 1, 2, 3, 4, 5 or 6 heteroatoms independently selected from O, N and S, wherein the 
heterocyclic ring contains at least one carbon atom and contains no more than one O and no 
more than one S per cycle; or an optionally substituted C5.10 aromatic ring structure optionally 
containing 1, 2 or 3 heteroatoms independently selected from O, N and S; or -Z-M represents 
20 -C(=0)NR^R^ -NR^R^ -OC(=0)NR^R^ -NC(=0)NR^R^ or -NC(=0)R^ 
For R^ and R\ either: 

(i) R^ is H; Ci.i2alkyl; optionally substituted Cs^gcycloalkyl optionally fused to a benzo 
ring; optionally substituted (Ci.galkyOaryl wherein the aryl is Ca-ioi optionally substituted 
(Ci.galkyOR, where R represents a mono- or bi-cyclic 5-, 6-, 7-, 8-, 9- or 10-membered 

25 heterocycle containing 1, 2, 3, 4, 5 or 6 heteroatoms independently selected from O, N and S, 
wherein the heterocyclic ring contains at least one carbon atom and contains no more than one 
O and no more than one S per cycle; or R represents a mono-, bi- or tri-cyclic Cs-ucycloalkyl; 
optionally substituted Co-ioaryl; an optionally substituted mono- or bi-cyclic 5-, 6-, 7-, 8-, 9- or 
10-membered heterocycle containing 1, 2, 3, 4, 5 or 6 heteroatoms independently selected 

30 from O, N and S, wherein the heterocyclic ring contains at least one carbon atom and contains 
no more than one O and no more than one S per cycle; or -C(=0)-0-Ar, wherein Ar represents 
optionally substituted C6-ioaryl; and 
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is H; or 

(ii) the structure -NR^R^ represents a C3.8 heterocyclic ring optionally containing 1, 2 or 3 
further heteroatoms independently selected from O, N and S, wherein the heterocyclic ring 
contains at least one carbon atom and contains no more than one O and no more than one S 
5 per cycle; -NR^R^ being optionally substituted; 

or a pharmaceutically acceptable salt or solvate thereof. 

4. A compound according to Claim 3, wherein: 
X is S or O; 

10 R^ is -(CH2)2R\ -(CH:)2R^' , -CH2C(=0)R^ or ^CH2C(=0)R^' ; and 

R*' is optionally substituted Cs-gcycloalkyl optionally containing 1, 2 or 3 heteroatoms 
independently selected from O, N and S; optionally substituted Cs-ioaromatic ring structure 
optionally containing 1, 2 or 3 heteroatoms independently selected from O, N and S; or an 
optionally substituted 5- to 10-membered mono- or bi-cyclic heterocyclic ring structure 

15 containing 1, 2, 3, 4 or 5 heteroatoms independently selected from O, N and S. 

5, A compound according to either Claim I, 2 or 3, wherein R^ is selected from -iso-Bu, 
-(CH2CH20)3CH3, -(CH2CH2)-4-morpholinyl, -(CH2CH20)5CH3, -(CH2CH2)-l-(2-methyl-5- 
nitro-imidazolyl), -(CH2CH2)-l-(l,2,4-triazolyl), and -(CH2CH2)-OC(=0)NH-Ph. 



20 



6. A compound according to any one of Claims 1, 2 or 3, wherein R^ represents 




wherein: 

Q isCHorN; 
25 Q' is NH, O or S; 

W is CH or N; 

WMsCHorN;and 

R^ is Ci-ealkyl; OCCi-gcycloalkyl); 0(Ci.6alkyl); Hal; CHals, CHHah, CH2Hal, 
OCHab, OCHHal2 or OCH2Hal, wherein Hal represents halogen; NRR', wherein R and R' 
30 independently represent H or Ci.galkyl, or NRR' represents an optionally substituted 
C3.8heterocyclic ring optionally containing 1, 2 or 3 further heteroatoms independently 
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selected from O, N and S, wherein the heterocyclic ring contains at least one carbon atom and 
contains no more than one O and no more than one S; H; COOR^ or COR^, R^ representing H 
or C|.6aikyl; or CH2OH. 

5 7. A compound of Claim 1, wherein R^ is -(CH2)a-CH3 or -((CH2)bO)c-CH3. 

8. A compound according to Claim 2, wherein R"^' is selected from -4-morpholinyI, - 

1- (2-methyl-5-nitro-imidazolyl), -l-(l,2,4-triazolyl) and -OC(=0)NH-Ph. 

10 9. A compound according to any one of Claims 1 through 8, wherein g is 1. 

10. A compound of Claim 1, wherein the compound is selected from: 

2- ({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methyIphenyl}sulfanyl)-l-ethanol; 
2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl 

1 5 isopropylcarbamate; 

2-( { 3-[( li/-benzimidazol-2-y lsulfanyl)methyl]-2-methylphenyl } sulfanyl)ethy 1 
phenylcarbamate; 

2-({3-[(l/Y-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyI 4- 
phenoxypheny Icarbamate ; 
20 2-({3-[(l/7-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl 
pen ty Icarbamate; 

2-( { 3-[( l//-benzimida2ol-2-ylsulfanyl)methyl]-2-methyIphenyI } sulfanyl)ethyl 2,5- 
dimethylphenylcarbamate; 

2.({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl(15,2/?)-2- 
25 phenylcyclopropylcarbamate; 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyI]-2-methylphenyl}sulfanyl)ethyl 
cyclohexylcarbamate; 

2- ({3-[(l/y-benzimidazol-2-yIsulfanyl)methyl]-2-methylphenyI}sulfanyl)ethyI 

3- (methylsulfanyl)phenyIcarbamate; 

30 2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl 
phene th y Ic arbamate ; 

2-({3-[(lH-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl 2-(2- 
thi en y 1 )e thy Icarbamate ; 



wo 01/34573 



-86- 



PCT/SEOO/02192 



2-({3-[(l//-benzimidazol-2-ylsuIfanyl)methyl]-2-methylphenyl}suifanyI)ethyl 
methylcarbamate; 

2-((3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyI)ethyl 2- 
methylphenylcarbamate; 
5 2-({3-[(l/f-benzimidazol-2-ylsulfanyl)mcthyl]-2-methylphenyl}sulfanyi)^^^ 3- 
me thoxypheny Icarbamate ; 

2-({ 3-[(l//-benzimidazol-2-yIsulfanyI)niethyl]-2-methylphenyl }sulfanyl)ethyl 4- 
fluoropheny Icarbamate; 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethy 
10 benzylcarbamate; 

methyl 3-({[2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyI]-2- 
methylphenyl }sulfanyl)ethoxy]carbonyl }amino)benzoate; 

2-({3-[(l/f-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyI)eth^^ 3,4- 
dichlorobenzylcarbamate; 
15 2-({3-[(l H-benzimidazol-2-y Isulf any l)methy 1] -2-methy Ipheny 1 } sulf any l)ethy 1 3 ,4- 
difluorophenylcarbamate; 

2-( { 3'[( li/-benzimidazoI-2-ylsuifanyl)methy I]-2-methylphenyl } sulfanyl)ethyl phenyl 
dicarbonimidoate; 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl 3- 
20 bromopheny Icarbamate; 

2-({3-[(l//-benziniidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl 3- 
methylbenzylcarbamate; 

ethyl 2-({ [2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2- 
methylphenyl}sulfanyl)ethoxy]carbonyl}amino)-3-phenylpropanoate; 
25 2-({ 3-[(lH-benzimidazol-2-ylsulfanyI)mcthyl]-2-methylphenyl }sulfanyl)ethyl 3,5-dimethyl-4- 
isoxazolylcarbamate; 

2-( { 3-[( l//-benzimidazol-2-y lsulfanyl)methyl]-2-methylphenyl } sulfanyl)ethyl 3- 
acetylpheny Icarbamate; 

2-({3-[(lH-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl 
30 benzoy Icarbamate ; 

2-({3-[(lH-benzimidazol-2-ylsulfanyl)methyl]-2-methyIphenyl}sulfanyl)ethyl 4-chloro-2- 
methy Ipheny Icarbamate ; 
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2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)eth^ 4- 
methoxybenzylcarbamate; 

2-({3-[(l//-benzimidazol-2-yIsulfanyl)methyl]-2-rnethylphenyl}sulfanyl)ethyl 3,4- 
dichlorophenylcarbamate; 
5 2-({ 3-[(l^-benzimidazol-2-ylsulfanyl)methyl]-2-methyIphenyl }sulfanyl)ethyl 
4-(dimethyIamino)phenylcarbamate; 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl 2,5- 
dichloropheny Icarbamate ; 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-rnethylphenyl}sulfanyl)ethyI 3,5- 
10 dimethoxyphenylcarbamate; 

2-({3-[(l//-benzimidazol-2-ylsulfanyI)methyl]-2-methylphenyl}sulfanyl)ethyl 2,4- 
dimethoxyphenylcarbamate; 

2-( { 3 - [( 1 /ir-benzimidazol-2-y Isulf any l)niethy l]-2-methy 1 phenyl } sulf any l)e thy 1 ( 1 /?)- 1 - 
phenylethylcarbamate; 
15 ethyl 4-({ [2-({3-[(l//-benzinnidazol-2-ylsulfanyI)methyl]-2- 
methy Iphenyl } sulf any l)ethoxy]carbonyl } aniino)benzoate ; 

2-({3-[(l//-benzinudazol-2-ylsulfanyl)methyI]-2-methylphenyl}sulfanyl)ethyl 2- 
ethylphenylcarbamate; 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl 4- 
20 fluorobenzoylcarbamate; 

2-({3-[(lif-benziniidazol-2-ylsulfanyl)niethyl]-2-niethylphenyl}sulfanyl)ethylaniine; 

A^-[2-({3-[(l//-benziniidazol-2-ylsuIfanyl)niethyl]-2-methylphenyl}sulfanyl)ethyl]benzaniide 

^-[2-({3-[(l/f-benzimidazoI-2-ylsuIfanyl)methyl]-2- 

methylphenyI}sulfanyl)ethyl]cycIohexanecarboxamide; 
25 A^-[2-({3-[(lH-benziniidazol-2-ylsulfanyl)methyl]-2-niethylphenyl}sulfanyl)ethyl]-2-[(^^^ 

2,5-dioxoimidazoIidinyl]acetaniide; 

tert-huty] 4-({ [2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2- 
methylphenyl}sulfanyl)ethyl]amino}carbonyl)-l-piperidinecarboxylate; 
A^-[2-({3-[(Ii/-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyi)ethyl]-2- 
30 pyrazinecarboxamide; 

2-(l-adamantyl)-A^-[2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2- 
methy Iphenyl }sulfanyl)ethyl]acetamide; 
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Ar-[2-({3-[(l//-benzimidazol-2-ylsulfanyI)methyl]-2-methylphenyl}sulfanyi)et^^ 
dimethyl-2,6-dioxo-l,2,3,6-tetrahydro-7//-purin-7-yI)acetamide; 
A^-[2-({3-[(l//-benzimidazol-2-yIsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl]-^^ 
furamide; 

5 N-[2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methyIphenyl}suIfanyl)^ 
furamide; 

A^-[2-({3«[(li^-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfan 
thiophenecarboxamide; 

A/'-[2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methyIphenyl}sulfany 
10 benzofuran-2-carboxamide; 

A^-[2-( { 3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylip^^^ 

methyl-l//-pyrazole-5-carboxamide; 

iV-[2-({3-[(l/f-benzimidazoI-2-ylsuIfanyl)methyl]-2- 

methylphenyl }sulfanyl)ethyl]nicotinamide; 
15 A^- [2-( { 3-[( 1 /f-benzimidazol-2-y Isulfany l)methy l]-2-methy Ipheny 1 } sulf any l)ethyl]-4- 

quinolinecarboxamide; 

A^-[2-({3-[(lH-benzimidazol-2-ylsuIfanyI)methyl]-2-methylphenyl}sulfanyl)e^^ 
dimethyl-4-isoxazolecarboxamide; 

A^-[2-((3-[(lH-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)eth 
20 isoxazolecarboxamide; 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyI)acetamide; 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)-iV- 

cyclopropylacetamide; 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyI]-2-methylphenyl}sulfanyl)-A^-(13-benz 
25 5-yImethy)acetamide; 

2-({3-[(l/f-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)-l-(l-pi^^ 
ethanone; 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyi)-Ar-(2 
furylmethyl)acetamide; 
30 2-( { 3-[( i//-benzimida2:ol-2-y lsulfanyl)methyl]-2-methy Iphenyl } sulfanyO-AT- 
cyclohexylacetamide; 

2-( { 3- [( l//-benzimidazol-2-y lsulfanyI)methyl]-2-methylpheny 1 } suIfanyI)-A^-(tetrahydro-2- 
furanylmethyl)acetamide; 
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2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyI)-^^ 
cyclopentylacetamide; 

2-({3-[(l/f-benzimidazol-2-yIsulfanyl)methyl]-2-methylphenyI}sulfanyl)-A^-(2- 
thienylmethyOacetamide; 
5 2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)-A^-[2-(^^ 
morpholinyl)ethyl]acetamide; 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)-A^K2,^ 
inden-2-yl)acetamide; 

2-({3-[(l/^-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)-AA-benzyk^^ 
10 2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)-//-(2,5- 
dimethoxyphenethyl)acetamide; 

2-({3-[(li/-benzimidazol-2-ylsulfanyl)methyl]-2-methyiphenyl}sulfanyl)-A^-[^^^ 
pyridinyl)ethyl]acetamide; 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyI]-2-methylphenyl}sulfanyl)-i^^ 
1 5 pyrrolidinyl)ethyl]acetamide ; 

2-({3-[(lH-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}suIfanyD 
diphenylpropyl)acetamide; 

2-({3-[(l^-benzimidazol-2-yIsulfanyl)methyl]-2-methylphenyl}sulfanyl)-A^- 
phenethylacetamide; 
20 2-({3-[(li7-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)-^ 
methoxyphenethyl)acetamide; 

2-({3-[(lff-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}suIfanyl)-/^-he 

2-({3-[(l//-benzimidazol-2-ylsulfanyI)methyI]-2-methylphenyl}sulfanyl)-//- 

isobutylacetamide; 

25 2-({3-[(l/^-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)-A^^ 
pyridinylmethyl)acetamide; 

Ar-[2-({3-[(li/-benzimidazol-2-yIsulfanyl)methyl]-2-methyIphenyl}sulfanyl)acet^^ 
furohydrazide; 

2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)-l-oct^^ 
30 quinolinyl-l-ethanone; 

2-({3-((Ifl'-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)- 
N-(benzyloxy)acetamide; 
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2-({3-[(l//-benzimidazoi-2-ylsulfanyl)methyl]-2-methyIphenyl}sulfanyl)-l^ 
methoxyphenyl)-l-piperazinyl]-l-ethanone; 

2-({3-[(lH-benzimidazol-2-ylsuIfanyl)methyl]-2-methylphenyl}sulfanyl)-l-[6J-dim 
3,4-dihydro-2(l/0-isoquinolinyl]-l-ethanone; 
5 2-({3-[(lH-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)-A^-(4- 
buty Ipheny l)acetamide ; 

2-({3-[(l//-benzimidazol-2-yIsulfanyI)methyl]-2-methylphenyl}sulfanyl)-l-(4-methyI-l^ 
pi peraz i n y 1 )- 1 -ethanone ; 

2-[(2-methyl-3-{[2-(4-morpholinyI)ethyl]sulfanyl}benzyl)sulfanyl]-lW-benzi^^ 
10 2-[(2-methyl-3-{[2-(4-methyl-l-piperazinyl)ethyl]sulfanyl}benzyl)sulfanyl]-li7^ 
benzimidazole; 

2- ( { 3- [( 1 //-imidazol-2-y Isulf anyl)me thy 1 ] -2-me thy Ipheny 1 } sulf any l)ethy I pheny Icarbamate ; 

2-[(2-methyl-3-{[(5-phenyM,3,4-oxadiazol-2-yI)suIfanyl]methyl}phenyl)sulfanyl]ethyl 

phenylcarbamate; 

15 2-({ 2-niethyl-3-[(2-pyriniidinylsulfanyI)methyl]phenyl } sulf any l)ethyl phenylcarbamate; 
2-[(2-methyl-3-{[(l-phenyl-l//-l,23,4-tetrazol-5-yl)sulfanyl]niethyl}phenyl)sul^^^ 
phenylcarbamate; 

2-[(3-{ [(4,5-diphenyl-l//-imidazol-2-yl)suIf any l]methyl}-2-methy Ipheny l)sulfanyl]ethyl 
phenylcarbamate; 

20 2-({3-[(3f/-imidazo[4,5-c]pyridin-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyI 
phenylcarbamate; 

2-({ 3-[( 1 ,3-benzoxazoI-2-ylsulfanyl)methyl]-2-methylphenyl }sulfanyl)ethyl phenylcarbamate; 
2-({2-methyl-3-[(2-pyridinylsulfanyl)methyl]phenyl}sulfanyl)ethyl phenylcarbamate; 
2-({ 2-methyl-3-[(4-pyridinylsulfanyl)methyl]phenyl }sulfanyl)ethyl phenylcarbamate; 
25 2-[(2-methyl-3-{[(4-phenyl-l,3-thiazol-2-yl)suIfanyI]methyl}phenyl)sulfanyl]ethyl 
pheny Ic arbamate ; 

2-({2-methyl-3-[(l,3-thiazoI~2-ylsulfanyl)methyl]phenyl}sulfanyl)ethyl phenylcarbamate; 

2-[(3-{[(5-methoxy-l//-benzimidazol-2-yl)sulfanyI]methyl}-2-methylphenyl)sulfanyl]ethyl 

phenylcarbamate; 

30 Ar-[2-({3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyl]-Ar- 
phenylurea; 

A^-[2-({3-[(l//-benzimidazoI-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethyI]-Ar-(2- 
pyrazinyl)urea; 
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6-[2-({3-[(l/^-benzimidazol-2-ylsulfanyl)methyl]-2-methylphenyl}sulfanyl)ethoxy 
nitroimidazo[l,2-fc]pyridazine; 

2-[(2-methyl-3-{[2-(2//a,2,3,4-tetrazol-2-yl)ethyI]sulfanyl}benzyl)sulfanyn 
benzimidazole; 

5 2-[(2-methyl-3-{[2-(2//-l,2,3,4-tetrazol-2-yl)ethyI]sulfanyl}benzyl)sulfany 
c]pyridine; 

2-[(3-isobutoxy-2-nfiethylbenzyI)sulfanyl]-l//-benzimidazole; 
2-({2~methyl-3-[2-(4-morphoIinyl)ethoxy]benzyl}sulfanyl)-l//-benzimidazole; 
2-[(3-isobutoxy-2-methylbenzyl)sulfanyl]-l//-indole; 
10 2-[(3-{2-[2-(2-methoxyethoxy)ethoxy]ethoxy }-2-methylbenzyl)sulfanyl]-l//-benzimidazo^^ 
2-{[2-methylO-(3,6,9J2J5-pentaoxahexadec-l-yloxy)benzyl]sulfanyI}-li/-benzirmda 
2- { [3-( { 2-[2-(2-methoxyethoxy)ethoxy]ethyl } sulfanyl)-2-methylbenzyl]sulfanyl } - IH- 
benzimidazole; 

2-{[2-methyl-3-(3,6,9,12,15-pentaoxahexadec-l-ylsulfanyl)benzyl]sulfanyl}-l//- 
15 benzimidazole; 

2-[(3-isobutoxy-2-methylbenzyl)sulfanyl]-l,3-benzothiazole; 

2'-[(3-isobutoxy-2-methy lbenzyl)sulfanyl]- 1 ,3-benzoxazole; 

2-{[3-(isobutylsulfanyl)-2-methylbenzyl]sulfanyl}-If/-benziniidazole; 

2-[(2-methyl-3-{[2-(2-methyl-5-nitro-l//-imidazol-l-yi)ethyl]sulfanyl}benzyl)sulf^^ 
20 benzimidazole; 

24(2-methyl-3- { [2-(l 1 ,2,4-triazol- 1 -yl)ethyl]sulfanyl } benzy Osulfanyl]- IH-ben 

ethyl 2- { [2-methy l-3-(3 ,6,9,12,1 5-pentaoxahexadec- 1 -y Isulf any l)benzy 1] sulf anyl } - 1//- 

benzimidazole-5-carboxylate; 

1- (2-{[2-methyl-3-(3,6,9,12,15-pentaoxahexadec-l-ylsulfanyI)benzyl]sulfanyl}-l//- 
25 benzimidazol-5-yl)-I-propanone; 

2- {[2-methyl-3-(3,6,9,12,15-pentaoxahexadec-l-yisulfanyl)benzyl]sulfanyI}-l/f- 
benzimidazol-5-amine; 

(2-{[2-methyl-3-(3,6,9,12,15-pentaoxahexadec-l-ylsulfanyI)benzyl]sulfanyl}-l/Y- 
benzimidazol-5-yl)methanol; 
30 2- { 3-[( 1 f/-benzimidazol-2-ylsulfanyl)methy l]-2-methoxyphenoxy } - 1-cthanol ; 

2-{3-[(l//-benzimidazol-2-ylsulfanyl)methyl]-2-methoxyphenoxy}ethyl phenylcarbamate; 
2- { 3-[( 1 f/-benzimidazol-2-ylsulfanyl)methyl]-2-chlorophenoxy } - 1 -ethanol; and 
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2-{3-[(l^/-benzimidazol-2-ylsulfanyl)methyl]-2-chlorophenoxy}ethyl phenylcarbamate; 
A^-{[2-({3-[(l/^-benzimidazol-2-ylsulfanyl)methyl]-2- 
methylphenyl }suIfanyl)ethoxy]carbonyl } phenylalanine; 
or a pharmaceutically acceptable salt or solvate thereof. 



10 



11. A compound according to Claim 1, wherein the compound is selected from 
compounds II, III, IV and V 



II 





III 



IV 



wherein. 

For R"^ and R^ either: 

(i) R"^ is H; Ci.galkyl; optionally substituted C3.8cycloalkyI optionally fused to a benzo 
15 ring; Z"-(Ci.8iilkyl)aryl, wherein 7} represents O or a bond, and the aryl is C6-107 optionally 
substituted and optionally fused to a C5.10 heterocycHc ring structure containing 1, 2, 3, 4, 5 or 
6 heteroatoms independently selected from O, N and S; optionally substituted C6-ioaryl; an 
optionally substituted 5-, 6-, 7-, 8-, 9- or 10-membered heterocycle containing 1, 2 or 3 
heteroatoms independently selected from O, N and S; (Ci.galkyO-R, wherein R represents an 
20 optionally substituted mono- or bi-cyclic 5-, 6-, 7-, 8-, 9- or 10-membered heterocyclic ring 
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Structure containing 1, 2, 3, 4, 5 or 6 heteroatoms independently selected from O, N and S; 
optionally substituted -C(=0)0(Ci.8alk:yl); optionally substituted -C(=0)0-phenyl; optionally 
substituted -C(=0)(Ci,8alkyl); optionally substituted -C(=0)-phenyl; or -NHC(=0)R^; and 
is H; Cusalkyl; optionally substituted Ca.gcycloalkyl optionally fused to a benzo 
5 ring; (Ci.8alkyl)aryl wherein the aryl is Q-io and optionally substituted; optionally substituted 
Ce-ioaryl; or an optionally substituted 5-, 6-, 7-, 8-, 9- or 10-membered heterocyclic ring 
structure containing 1, 2 or 3 heteroatoms independently selected from O, N and S; or 
(ii) the structure -NR'^R^ represents a C3.8heterocyclic ring optionally containing 1, 2 or 3 
further heteroatoms independently selected from O, N and S and optionally fused to a 
10 Ce-ioring structure, -NR'^R^ being optionally substituted 

12. A compound according to any one of Claims 1 through 1 1 for use as a medicament. 

13. A pharmaceutical formulation comprising a compound according to any one of Claims 
15 1 through 1 1 and a pharmaceutically acceptable diluent or carrier. 

14. Use of a compound according to any one of Claims 1 through 1 1, in the manufacture 
of a medicament, for the therapeutic and/or prophylactic treatment of Helicobacter pylori 
infection in a mammalian host. 



15. A method of therapeutically treating and/or preventing Helicobacter pylori infection in 
a mammal, comprising administering to the mammal a compound according to any one of 
Claims 1 to 11. 

25 16. A process for preparing a compound according to Claim 1, wherein the process 
comprises the steps of: 
(a) reducing compound VI 

O 



wherein R*^ represents (CH2)dOr-(CH2)f.rO-(CH2)c- and R^^ represents H or Ci-^alkyl; or 



20 
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(b) reacting compound VII with R -NCO 



Y 



VII 



wherein represents O or NH; or 
(c) reducing comound VIII 




5 Y 

wherein R^*'' represents a bond, (CH2)d0r-(CH2)f-O-(CH2)e-; or 
(d) reacting compound VII with R''-COOH; or 



VIII 



(e) reacting compound IX with NHR'*R'; or 



HOzC^ 




(CH2)c 



IX 



4t>5 



10 (f) reacting compound X with NHR^R 




(CH2)c 



wherein L represents a leaving group and R represents (CH2)d or-(CH2)f -0-(CH2)e-; or 
(g) reacting compound XI with R^-SH 



Y 

15 wherein iJ represents a leaving group; or 
(h) reducing compound XII 

O 



XI 



Y 



XII 



wherein, 
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For R"^ and R^ either: 

(i) is H; Ci.salkyl; optionally substituted Cs.gcycloalkyl optionally fused to a benzo 
ring; Z^-(Ci.8alkyl)aryl, wherein 7} represents O or a bond, and the aryl is Cg-io, optionally 
substituted and optionally fused to a C5-10 heterocyclic ring structure containing 1, 2, 3, 4, 5 or 

5 6 heteroatoms independently selected from O, N and S; optionally substituted Ce-ioaryl; an 
optionally substituted 5-, 6-, 7-, 8-, 9- or lO-membered heterocycle containing 1, 2 or 3 
heteroatoms independently selected from O, N and S; (Ci-galkyO-R, wherein R represents an 
optionally substituted mono- or bi-cyclic 5-, 6-, 7-, 8-, 9- or lO-membered heterocyclic ring 
structure containing 1, 2, 3, 4, 5 or 6 heteroatoms independently selected from O, Hand S; 

10 optionally substituted -C(=0)0(Ci.8alkyl); optionally substituted -C(=0)0-phenyl; optionally 
substituted -C(=0)(Ci.8alkyl); optionally substituted -C(=0)-phenyl; or -NHC(=0)R^; and 
R^ is H; Ci.galkyl; optionally substituted Ca.gcycloalkyl optionally fused to a benzo 
ring; (Ci-8alkyl)aryl wherein the aryl is Q-io and optionally substituted; optionally substituted 
C6-ioaryl; or an optionally substituted 5-, 6-, 7-, 8-, 9- or lO-membered heterocyclic ring 

15 structure containing 1, 2 or 3 heteroatoms independently selected from O, N and S; or 

(ii) the structure -NR'^R^ represents a Cs-gheterocyclic ring optionally containing 1, 2 or 3 
further heteroatoms independently selected from O, N and S and optionally fused to a 
Ce-ioring structure, -NR"^R^ being optionally substituted; 

R^ is H; Ci.nalkyl; optionally substituted Cs-scycloalkyl optionally fused to a benzo 
20 ring; optionally substituted (Ci.salkyOaryl wherein the aryl is Cg-io; optionally substituted 
(Ci-galkyOR, where R represents a mono- or bi-cyclic 5-, 6-, 7-, 8-, 9- or 10-membered 
heterocycle containing 1, 2, 3, 4, 5 or 6 heteroatoms independently selected from O, N and S 
or R represents a mono-, bi- or tri-cyclic Ca.ncycloalkyl; optionally substituted Ce-ioaryl; an 
optionally substituted mono- or bi-cyclic 5-, 6-, 7-, 8-, 9- or 10-membered heterocycle 
25 containing 1, 2, 3, 4, 5 or 6 heteroatoms independently selected from O, N and S; or -C(=0)- 
O-Ar, wherein Ar represents optionally substituted Ce-ioaryl; and 
R^^ is (CH2)ci or KCH2)f.i-0-(CH2)e-. 
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5 HEARTBURN TREATMENT 

FIELD OF THE INVENTION 

This invention discloses use of an omeprazole-bicarbonate combination for 
the treatment of heartburn, and acid indigestion, 

10 

BACKGROUND OF THE INVENTION 

US patent, 5,840,737, Phillips, J. issued Nov 24 1998, describes a 
combination of a bicarbonate salt and omeprazole. The claims are directed to 
treatment of gastric acid disorders (unspecified) with a single dose of a 

15 pharmaceutical composition of omeprazole or lansoprazole together with a 

bicarbonate salt (Na or K preferred). The dose is orally administered as an aqueous 
solution or suspension. 

The Philips patent focuses on the prophylactic prevention of upper GI 
bleeding in critically ill patients. It is particularly directed toward stress ulcer 

20 prophylaxis which has become routine therapy in intensive care units in most 

hospitals. An inherent advantage is the ability to infuse the solution via a nasogastric 
tube directly into the stomach. Data indicates that the omeprazole-bicarbonate 
solution/suspension combine the rapid onset of pH neutralization (due to 
bicarbonate) with the prolonged duration of effect of the proton pump inhibitor 

25 (PPI) There is an enhancement in time to onset of action of the PPI, omeprazole. 
This is postulated to reflect an effect of the bicarbonate to enhance the absorption of 
omeprazole. Indeed, in the presence of the bicarbonate omeprazole is observed to 
more rapidly become available systemically, and initial absorption of omeprazole is 
observed within 10-12 minutes in the combination as compared to 2-3 hours for 

30 omeprazole administered as enteric coated pellets. 

However, Phillips does not suggest that the administration of a PPI plus a 
bicarbonate would be useful as a means to provide rapid onset, and prolonged 
duration of effect for relief of heartburn symptoms, nor in avoiding the reocurrence of 
heartburn symptoms. 

35 Omeprazole has been formulated in many different embodiments such as in a 

mixture of polyethylene glycols as shown in U.S. Pat. No, 5,219,870 to Kim; U.S. 
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Pat No. 5,395,323 to Berglund discloses a device for mixing a pharmaceutical from a 
solid supply into a parenterally acceptable liquid form for parenteral administration to 
a patient, 

U.S. Pat. No. 4,786,505 to Lovgren et al, discloses a pharmaceutical 
5 preparation containing omeprazole together with an alkaline reacting compound or 
an alkaline salt of omeprazole optionally together with an alkaline compound as a 
core material in a tablet formulation. The use of the alkaline material, which can be 
chosen from such substances as the sodium salt of carbonic acid, are used to form a 
"micro-pH" around each omeprazole particle to protect the omeprazole which is 
10 highly sensitive to acid pH. 

The ability to provide a patient with a single dose administration of a 
preparation which has a rapid onset of acid neutralization would be a highly desirable 
dosage form for the treatment or prevention of heartburn symptoms. 

15 SUMMARY OF THE INVENTION 

The present invention is directed to a method of treating and/or preventing 
heartburn symptoms in a human in need thereof, which method comprises 
administering to said human a pharmaceutical composition comprising an effective 
amount of a proton pump inhibitor and an effective acid neutralizing amount of an 
20 alkali metal bicarbonate salt. 

The administration preferably consists of a single dosage without requiring 
further administration of a second dose of a bicarbonate salt. 

DETAILED DESCRIPTION OF THE INVENTION 
25 The present invention is directed to single dose administration of a 

pharmaceutical composition for relief of heartburn symptoms. The term "heartburn 
symptoms" as used herein includes heartburn related to indigestion, sour stomach, 
upset stomach, episodic and co-incidental heartburn with meals, and heartburn related 
to gastroesophageal reflux of acid stomach contents. These are generally well 
30 recognized symptoms which are typically treated with, over-the-counter (OTC) 

medications, such as antacids, and more recently histamine H2 receptor antagonists at 

reduced dosage. The treatments considered herein are the same as those symptoms 
for which various regulatory agencies, such as the FDA, have approved the use of H2 

receptor antagonists without prescription. 
35 The present invention's use in the treatment of heartburn is a treatment which 

is safe, effective and useful for self-limiting gastrointestinal conditions. This 
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treatment is in contrast to the use of a proton pump inhibitor and an alkali metal 
bicarbonate salt for medically diagnosable gastrointestinal diseases, such as active 
duodenal ulcers, gastric ulcers, gastroesophageal reflux disease (GERD), severe 
erosive esophagitis, poorly responsive systematic GERD, and pathological 
5 hypersecretory conditions such as Zollinger Ellison syndrome. The dosage 

administration is basically a once only treatment, and is not necessarily used for 
multiple daily dosing over a period of many days, weeks or long term duration, 
although it is recognized that it could be used as such. 

Suitable proton pump inhibitors (PPI) useful in the present invention include 

10 those antisecretory compounds belonging to the class of compounds generally referred to 
as substituted benzimidazoles. Omeprazole is a substituted benzimidazole, 5-methoxy-2- 
[(4-methoxy-3,5-dimethyl-2-pyridinyl) methyl] sulfinyl]-lH-benzimidazole. Also suitable 
for use herein are the individual enantiomers, of omeprazole, such as the (S) isomer, or a 
suitable salt form, such as the calcium or magnesium salts, or a combination of both such 

15 as the (S) magnesium sah of omeprazole. Other substituted benzimidazoles suitable for 
use herein include, but are not limited to lansoprazole, 2-[[[3-Methyl-4-(2,2,2- 
trifluoroethoxy)-2-pyridinyl]methyl]sulfinyl]-lH-benzimidazole; pantoprazole, 5- 
(Difluoromethoxy)-2-[[(3 ,4-dimethoxy-2-pyridinyl)methyl] sulfinyl]- 1 H-benzimidazole, 
and rabeprazole 2[[[4-(3-methoxypropoxy)-3-methyl-2-pyridinyl] methyl]sulfinyl]-lH- 

20 benzimidazole. 

This class of compounds (the proton pump inhibitors) inhibit gastric acid 
secretion and do not exhibit anti-cholinergic or histamine H2 antagonist properties. 

Drugs of this class suppress gastric acid secretion by the specific inhibition of the H< + > 
/K< + > ATPase enzyme system at the secretory surface of the gastric parietal cell. 
25 Current use of proton pump inhibitors, particularly intravenous or oral liquid 

dosage forms is primarily directed towards medically diagnosable treatment of ulcers, 
or other medical determined mucosal bleeding of the gastrointestinal tract. 
Combinations of various H2-antagonists, antacids and sucralfate are other currently 

used treatment options as prophylaxis for such damage. 
30 These uses are however, not directed to the prevention or the treatment of 

heartburn symptoms. 

Several buffered omeprazole solutions have been disclosed in publications, 

Andersson et al.. Clinical Pharmacokinetics 24(l):71-8 (1993); Landahl et al. Clinical 

Pharmacokinetics 23 (6); 469-76 (1992); Andersson et al., Br. J. Clin. Pharmacol, 
35 29(5):557-63 (1990); Regardh et al., Ther. Drug Monit. 12(2): 163-72 (1990); 
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Andersson et al, Eur. J. Clin. Pharmacol., 39(2): 195-7 (1990); and Pilbrant et al., 
Gastroenterol Suppl., 108: 1 13-20 (1985). 

All of the buffered omeprazole solutions described in these publications were 
administered orally and were given to healthy subjects who were able to ingest the 
5 oral dose. In all of these studies, omeprazole was suspended in a solution including 
sodium bicarbonate, as a pH buffer, in order to protect the acid sensitive omeprazole 
during administration. In all of these studies, the repeated administration of sodium 
bicarbonate both prior to, during, and following omeprazole administration were 
required in order to prevent acid degradation of the omeprazole given via the oral 

10 route of administration. 

The bicarbonate was not given for its acid neutralizing capacity as an antacid, 
but for its use in preventing the degradation of the PPL As a result, the ingestion of 
the large amounts of sodium bicarbonate and large volumes of water were required in 
contrast to the present invention. In these above-cited studies, as much as 48 

15 millimoles of sodium bicarbonate in 300 ml of water were ingested in association with 
a a single dose of omeprazole for oral administration. 

The present invention does not require the ingestion of excessive volumes of 
bicarbonate with water. Furthermore, the enhancement in onset of the PPI's action 
allows use of a minimal dose to achieve rapid and long-lasting relief of heartburn 

20 symptoms. The use of the combination of the PPI and bicarbonate permits using the 
PPI at dosages which are oflen suboptimal for standard Rx therapeutic applications 
(e.g., healing of duodenal or gastric ulcers, healing esophageal erosions, etc.). In the 
case of omeprazole, a dosage of about 10 to about 20 mg is desired. 

Another aspect of the present invention is a dosage form of the omeprazole 

25 and bicarbonate which can be utilized to quickly make an omeprazole 

solution/suspension which is supplied in a solid form, such as in a powder form of a 
sachet, or as readily dispersible tablet or capsule. Alternatively the solid dosage form 
of omeprazole and bicarbonate, such as in a compressed tablet or capsule for oral 
ingestion may also be suitable, or even desired for use by the patient for the treatment 

30 of their heartburn symptoms. 

An advantage of either the solution/suspension formulation or the solid 
dosage formulation are that both provide a means for the rapid onset and prolonged 
duration of effect for relief of heartburn symptoms and avoid the recurrence of these 
heartburn symptoms. 

35 The pharmaceutical composition of the present invention may be prepared in 

accordance with Phillips, J., US Patent No. 5,840,737 whose disclosure is incorporated 
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herein by reference in its entirety. The composition may also be prepared by mixing 
omeprazole or other substituted benzimidazoles and derivatives thereof, with a solution 
including a bicarbonate salt of a Group I A metal. Preferably, omeprazole pow^der or 
granules, w^hich may be enteric coated or not, are mixed with a sodium bicarbonate 
5 solution to achieve a desired final omeprazole concentration. The concentration of 
omeprazole in the solution/suspension can range from approximately 0.25 mg/ml to 
approximately 6.0 mg/ml. The preferred concentration for the omeprazole in the 
solution/suspension ranges from approximately 0,5 mg/ml to approximately 2 mg/ml. 

The pharmaceutically acceptable alkali metal salt of a bicarbonate is preferably a 

10 Group lA metal salt, such as potassium or sodium. The concentration of the bicarbonate 
salt in the composition generally ranges from approximately 5 .0 percent to approximately 
60.0 percent. Preferably, the concentration of the bicarbonate salt ranges from 
approximately 7.5 percent to approximately 10.0 percent. In one embodiment of the 
present invention, sodium bicarbonate is the preferred salt and is present in a 

15 concentration of approximately 8.4 percent. A sufficient acid neutralizing capacity 
(ANC) amount is necessary and that will range fi*om about 5 to about 40 ANC values, 
preferably from about 18 to 40 ANC values. It should be noted that the FDA considers 
an ANC value of 5 to be the minimum amount usefiil as an antacid. In the case of 
sodium or potassium bicarbonate preferred range is 18 to 40mEq, for calcium 

20 bicarbonate it is from about 36 to 80 mEq. 

The amount of sodium bicarbonate used in the solution/suspension of the present 

invention is approximately 1 meq (or mmole) sodium bicarbonate per 1-2 mg 

omeprazole, with a range of approximately 0.75 meq (mmole) to 2.0 meq (mmole) per 1- 

2 mg of omeprazole, preferably 0.5 to 1.5mEq/l-2 mg of omeprazole. 

25 In an another aspect of the present invention, enterically-coated omeprazole 

granules may be used and admixed with the sodium or potassium bicarbonate (NaHC03) 

solution which dissolves the enteric coating and forms an omeprazole solution/suspension 
for use in accordance with the present invention. Alternatively a solid dosage 
formulation of the enteric coated granules with the bicarbonate may be made and placed 
30 into capsules, or using the many techniques now known in the art, formulated into a 
compressed tablet. 

Alternatively, micronized granules of a PPI, such as omeprazole may be used in 
place of conventional granules or powder. The process knovm as micronization is 
utilized in order to produce a particle having a smaller diameter. Micronization is the 
35 process by which solid drug particles are reduced in size. Since the dissolution rate is 
directly proportional to the surface area of the solid, and reducing the particle size 
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increases the surface area, reducing the particle size increases the dissolution rate. 
Although micronization results in increased surface area causing particle aggregation, 
which can negate the benefit of micronization and is an expensive manufacturing step, it 
does have the significant benefit of increasing the dissolution rate of relatively water 
5 insoluble drugs, such as omeprazole. 

The formulation may contain suitable flavoring agents for use herein 
including, but not limited to, wintergreen, orange, grapefruit, chocolate, and cherry- 
raspberry. The amount of flavouring present in the formulation may be fi-om about 
0.1% to about 5.0% by weight of the composition. 

10 The solid formulations may optionally contain suitable disintegrants such as, but 

not limited to, sodium starch glycolate [Explotab®], crosslinked polyvinylpyrrolidone, 
com starch, acacia , Croscarmellose of sodium [Ac-di-sol®], sodium 
carboxymethylcellulose, veegum, or alginates. The amount of disintegrant present may 
be fi*om about 1% to about 10.0% by weight of the composition. 

15 The formulation may also include additional diluents or fillers which are 

preferably swellable agents, and may include, but are not limited to, various grades of 
microcrystalline cellulose, such as Avicel PHI 01, Avicel PHI 02, & Avicel PH200; corn 
starch; or Starch 1500. The amount of diluent or filler present in the formulation may be 
fi-om about 1% to about 90.0% by weight of the composition. 

20 The dosage form may also optionally contain suitable lubricants or wetting 

agents, such as but not limited to, magnesium stearate, stearic acid and its 
pharmaceutically acceptable alkali metal salts, calcium stearate, sodium stearate, 
Cab-O-Sil, Syloid, sodium lauryl sulfate, sodium chloride, magnesium lauryl sulfate or 
talc. Preferably, a suitable lubricant is magnesium stearate or stearic acid. Preferably, 

25 a suitable wetting agent is a surfactant, such as sodium lauryl sulfate. The amount of 
lubricant present in the formulation may be from about 0. 1% to about 10.0% by weight 
of the composition, wherease the amount of wetting agent may be fi*om about 0. 1 - 
20% by weight. 

The formulation may also include additional binding agents, such as 
30 polyvinylpyrrolidone, (PVP), or Povidone 29K/32. The amount of binding agent present 
in the formulation may be from about 0. 1% to about 30.0% by weight of the 
composition. 

The formulation may also include coloring agents, or pigments, such as FD&C or 
D&C approved lakes and dyes, iron oxide and titanium dioxide. The amount of pigment 
35 present may be fi-om about 0. 1% to about 5 .0% by weight of the composition. 
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Additional other conventional pharmaceutical diluents or excipients may also 
be included, as needed, in the admixture. Suitable excipients which may be employed 
include, for example, fillers, binders, lubricants, binders, compression aids, and 
wetting agents. To further assist patient compliance, the formulation may also 
5 contain sweeteners such as various natural sugars, aspartame, sodium cyclamate and 
sodium saccharinate; in addition to the flavorants. The amount of sweetner present 
may be from about 0. 1% to about 20.0% by weight of the composition. 

The formulations may also be manufactured in a concentrated form, such as an 
effervescent tablet, for oral administration upon admixture with water. Suitable 
10 effervescent formulations for use herein are well known in the art. 

The following data illustrates the utility of the pharmaceutical composition of 
the present invention. 

15 Comparison of onset of acid inhibition between omeprazole alone and the 
omeprazole — bicarbonate combination. 

Khoury, et al studied onset of acid inhibition following a single postprandial 
administration of omeprazole 10 or 20 mg in heahhy volunteers. Khoury, et al.. Am. 
J. Gastroenterol 93: 1619, (1998). The effect of omeprazole was compared with 

20 ranitidine, 75 and 150 mg. Gastric acid was measured via an intragastric pH probe. 
The design was a randomized crossover in 24 subjects. A standardized breakfast was 
consumed, drug was administered once intragastric pH returned to pH < 2.0, and 
intragastric pH recorded for 6 hr. Omeprazole, at both 10 and 20 mg failed to 
elevate intragastric pH to values > 3.0 during the 6 hour postprandial recording 

25 period. In contrast, ranitidine 75 mg and 150 mg elevated intragastric pH > 3.0 

within 178 and 145.5 min of dosing, respectively, and sustained pH > 3.0 for 2 and 3 
hours of the recording period. Hence in this study, a single postprandial dose of 10 
or 20 mg omeprazole had no effect on intragastric acidity for 6 hours following 
administration in healthy individuals. 

30 Similarly, Decktor, et al compared effects of single administrations of 

omeprazole 10 or 20 mg, famotidine 10 mg and placebo on meal-stimulated gastric 
acid secretion. Decktor, et al.. Am. J. Gastroenterol 92: 1588, (1997). In a blinded, 
placebo-controlled cross-over study, each of 12 subjects randomly received the 
treatments one hour prior to intragastric infusion of a liquid peptone meal (600 ml 

35 8% peptone, pH 4.0) designed to maximally stimulate acid output. Intragastric pH 
was maintained at pH 4,0 by continuous infiision of NaOH. Compared to placebo. 
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onset of significant acid antisecretory activity was observed 45 min, 75 min and 90 
min following meal infusion for famotidine, omeprazole 20 mg and omeprazole 10 
mg respectively. Over a 5 hr recording period. 10 mg famotidine reduced the amount 
of titrant required to maintain pH at 4.0 by 81%, while reductions of 56% and 27% 
5 were obtained with 20 mg and 10 mg omeprazole respectively. Famotidine 10 mg 
had a significantly faster onset of action and significantly greater antisecretory effect 
than omeprazole 

The PhilUps U.S. patent No. 5,840,737 in contrast, reports that single 
administration of bicarbonate + omeprazole elevates intragastric pH in critically ill 
10 patients jfrom 3.0 ± 0.7 to 7.0 ± 0.6 within 2 hours after dosing. The dose was 20 
mEq ANC provided by bicarbonate and a 40 mg omeprazole dose. Neutralization 
was then maintained by single daily administration of omeprazole (10 mEq ANC + 20 
mg omeprazole) over the course of the study. 

15 Lack of Effect of omeprazole in prevention of meal-induced heartburn 

Decktor recently reported a single administration of omeprazole 10 or 20 mg 
failed to prevent meal-induced heartburn. Decktor, et al, Am. J. Gastroenterol. 93: 
1614, (1998). 385 subjects with a history of food-induced heartburn participated in a 
single-dose, parallel, blinded, randomized, placebo-controlled trial. 60 minutes prior 

20 to receiving a standardized heartburn-inducing meal (chili and soft drink), subjects 
received either placebo, 10 mg famotidine (Pepcid AC), omeprazole 10 mg or 
omeprazole 20 mg. Subjects rated their heartburn symptom severity on a VAS scale 
beginning immediately prior to the meal, and at 30 min. intervals for 3 14 hr 
postprandially. Compared to placebo, neither dose of omeprazole significantly 

25 prevented or reduced postprandial heartburn; 54, 52 and 55% of subjects treated with 
placebo, 10 mg omeprazole or 20 mg omeprazole reported moderate-to-severe post- 
prandial heartburn symptoms. In contrast, 34% of subjects treated with famotidine 
were heartburn free, and only 27% reported moderate to severe symptoms 
(consistent with previously pubhshed trials). 64% of subjects reported relief from 10 

30 mg famotidine as good or excellent, compared to 40%), 42%) and 47%o treated with 
placebo, 10 mg omeprazole and 20 mg omeprazole, respectively (p < 0.03 vs. 
famotidine). Neither dose of omeprazole differed significantly from placebo for any 
efficacy parameter. This study showed a clear performance advantage for famotidine 
over omeprazole in prevention of meal-induced heartburn symptoms. 
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The present invention is directed to the recognition that a 10 or 20 mg dosage 
of omeprazole and a preferred acid neutralizing capacity of a bicarbonate salt is/will 
be sufScient to induce relief of heartburn symptoms without requiring additional 
dosing of the bicarbonate salt. 

5 

Study to prove effectiveness of a combination therapy in heartburn relief and 
prevention. 

A suitable study involves administration of a provocative meal (chili, soft 
drink) to individuals who report suffering from meal-induced heartburn, and whose 

10 heartburn s5miptoms can be reproduced by the provocative meal and responds to 
antacid/acid neutralization treatment. Following development of heartburn, usually 
within 30-60 min of eating the meal, the combination of omeprazole and 
bicarbonate is administered in a randomized, blinded manner (10-20 mL containing 
10-20 mEq (ANC) bicarbonate and 10 -20 mg omeprazole). Control treatments 

15 include bicarbonate alone, omeprazole alone, and placebo. Both the combination and 
bicarbonate treatments will provide rapid relief of heartburn symptoms, while lesser 
relief is attained with omeprazole and placebo (no difference between the latter 
treatments in degree of relief). A second heartburn provoking meal is then consumed 
at least 4 hours after the first meal, but no further treatments are administered. Those 

20 subjects who receive omeprazole-containing treatments after the initial meal 

experience a reduction in heartburn symptoms to the second meal. Subjects who 
receive antacid alone (bicarbonate) or placebo treatment with the first meal are 
expected to have fiiUy recurrent symptoms to the later meal Hence, the combination 
of bicarbonate -f- omeprazole provides for a rapid onset and a prolonged duration of 

25 heartburn relief 



All publications, including but not limited to patents and patent applications, 
cited in this specification are herein incorporated by reference as if each individual 
publication were specifically and individually indicated to be incorporated by 
30 reference herein as though fiiUy set forth. 



The above description fiilly discloses the invention including preferred 
embodiments thereof Modifications and improvements of the embodiments 
specifically disclosed herein are within the scope of the following claims. Without 
35 fixrther elaboration, it is believed that one skilled in the are can, using the preceding 
description, utilize the present invention to its fiiUest extent. Therefore, the Examples 
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the present invention in any way. The embodiments of the invention in which an 
exclusive property or privilege is claimed are defined as follows. 
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What is Claimed is: 

1 . A method of treating or preventing heartburn symptoms in a human in need 
thereof, which method comprises administering to said human a pharmaceutical 

5 composition comprising an effective amount of a proton pump inhibitor and an effective 
acid neutralizing amount of an alkali metal bicarbonate salt. 

2. The method according to Claim 1 wherein the proton pump inhibitor is 
omeprazole, lansoprazole, pantoprazole, perprazole, or rabeprazole, or salts, isomers, 

10 enantiomers or derviatives thereof. 

3. The method according to Claim 2 wherein the proton pump inhibitor is 
omeprazole. 

15 4. The method according to Claim 3 wherein the dose of omeprazole is from 

about 10 to about 20mg. 

5. The method according to any one of Claims 1 to 4 wherein the bicarbonate is 
sodium or potassium bicarbonate or a mixture thereof 

20 

6 The method according to Claim 5 wherein the bicarbonate is sodium 
bicarbonate. 

7. The method according to Claim 6 wherein the bicarbonate is administered in 
25 an ANC amount of about 18 to 40mEq. 

8. The method according to Claim 1 wherein the proton pump inhibitor and 
alkali metal bicarbonate salt are administered in a solid unit dosage form. 

30 8. The method according to Claim 8 wherein the dosage form is a compressed 

tablet. 

9. The method according to Claim 8 wherein the dosage form is a capsule. 

35 10. The method according to Claim 7 wherein the proton pump inhibitor is 

omeprazole and in a dosage range of from about 10 to about 20 mg. 
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11. The method according to Claim 1, wherein the pharmaceutical composition 
is a single unit dosage form administered in a volume of between approximately 10 ml 
and 20 ml of an aqueous solution. 

5 12 The method according to Claim 1 1 wherein the dosage form is a sachet 

administered with water. 
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AN IMPROVED PHARMACEUTICAL COMPOSITION AND A 
PROCESS FOR ITS PREPARATION. 

The present invention relates to an improved pharmaceutical composition and a 
process for its preparation. The present invention particularly relates to an 
improved pharmaceutical composition, in the form of a soft gel capsule 
resistant to digestive juice. The composition of die present invention is made 
up of gelatin and an enteric polymer in the form of free acid or its salt, 
containing a benzimidazole derivative used in the treatment of duodenal ulcers, 
solublised and/or suspended in a liquid or semisolid medium, comprising of a 
hydrophobic carrier, an alkaline inert reacting material and a surface active 
agent and/or a solublising agent. The present invention also relates to a 
method for preparing the above said pharmaceutical composition. 

Benzimidazole derivatives such as Omeprazole, Lansoprazole Timoprazole and 
Pantoprazole etc., are known potent proton pump inhibitors with powerful 
inhibitory action against the secretion of gastric juice (Lancet, Nov, 27, 1982 
pages 1223-1224). They are used in the treatment of ZxAhnzer - Elision 
syndrome and stress related esophagitis ulceration. The derivatives are well 
iaiown and are described, for example in EP-A 0005129, 

It has been found that these benzimidazole derivatives, and in particular 
omeprazole, are susceptible to degradation in acid and neutral media. It is 
known to protect oral dosage forms of such benzimidazole derivatives by 
providing an enteric coating. In this way, the active material is protected from 
acidic gastric juices until it reaches the desired site of release, e.g. the small 
intestine. Because certain enteric coatings themselves can be, or contain, 
acidic material, it also often is required to protect the benzimidazole derivatives 
from the acidity of the enteric coating. For example, it is known to fomiulate 
the benzimidazole derivatives with an alkaline material before applying die 
enteric coating. It is also known to provide an intermediate coating between 
the benzimidazole derivative and the enteric coating. Generally the 
intermediate coating is selected so as to be substantially water-soluble or 
water-dispersible. 

EP-A-024 7983; US 4,786,505; US 4,853,230 and US 5,385,739 describe oral 
pharmaceutical preparations containing benzimidazole derivatives that are 
potent inhibitors of gastric acid secretion, which are composed of a core 
material in the form of small beads or tablets containing one of the 
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benamidazole denvatives, particularly omeprazole, together with an alkaline 
reacting compound. The core material contains one or more inert reacting sub- 
coatmg layers thereon thereby providing a final outer enteric coating. Although 
the above-described compositions are reasonably stable over an extended 
5 penod of storage, discoloration of the pellets and / or tablets with reduced 
gastnc resistance and reduction of dissolution rate in alkaline buffers was 
observed. 



Moreover the processes disclosed above are time-consuming and laborious 
mvolving many stages in manufacturing of the composition, consequently 
mcreasmg the cost of the final composition. 

In a German patent DE 32 22 476 a pharmaceutical composition has been 
described m which a soft gelatin capsule that is resistant to digestive juice 
whose wall mcludes a usual gelatin mass which contains polyvinyl acetate 
phthalate, hydroxypropyl methyl cellulose phthalate or a vinyl acetate / 
crotomc acid copolymer and/or an alkali metal salt, ammonia salt or amino salt 
of the same m their wall, and which released its contents readily in the 
mtestmes withm the prescribed time. The capsules are further treated on the 
surface with an aldehyde-coating agent. 

With the capsule shell composition described in DE 32 22 476 above if used 
as such for manufacturing capsules containing one of the benziiiidazole 
denvatives m a conventional manner, the fi-ee acidic groups of the polymer in 
tl^ shell composition reacts with the benzimidazole derivatives and reduces the 
efficacy of the product during its storage / shelf life period. 

The above said prior art processes also have the following drawbacks: - 

Requirement of sophisticated coating equipment and large amounts of organic 
solvents / alkah salts are employed to dissolve the enteric polymers for coating 
the fine particles. 

The active substance(s), benzimidazole derivatives, needs to be protected by a 
sub coat from the reacting acidic groups present in the enteric polymers. 

The processing time and the number of steps involved are many. 

The resulting product, i.e., pellets / beads / tablets, has to be dried to keep 
moistiu-e content below 1.5% to ensure drug stability during processing and 
through Its shelf storage. 
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The active substaiice(s), benzimidazole derivatives, present in the final 
formulation as solid dispersed in a hydrophilic solid matrix and hence requires 
some time to dissolve into the surrounding intestinal fluid before being 
5 absorbed. 

Large quantities of polymer i.e. 15-25% w/w, based on product, need to be 
applied to achieve desired gastric protection. 

10 The pH of medium used to suspend / solublise the drug needs to be adjusted to 
alkaline condition i.e. above pH 8.0 to prevent degradation during processing. 

The micro environment surrounding the core also contains alkaline material to 
neutralise the acidic mediimi that permeates the outer enteric coating during the 
15 product transit through stomach. 

In case of pellets / beads large surface area needs to be coated with protective 
polymer sub-coat 

20 Considering the importance gained for the composition containing 
benzimidazole derivatives, particularly for the treatment of duodenal ulcers, 
there is a need for the development of pharmaceutical composition containing 
said derivatives having stabihty for an extended period during which period the 
composition does not get discoloured and / or degraded. 

25 

The present invention is directed to the production of soft gelatin capsules in a 
conventional manner using gelatin mass having an enteric polymer incorporated 
into it and to incorporate a mixture containing benzimidazole derivative, and an 
alkaline reacting substance with larger quantities of hydrophobic oily substance 
30 or a mixture of such oily substances into the gelatin shell . The resulting 
capsules being insoluble up to a pH value of 5.5 in aqueous media, but quickly 
dissolving above a pH of 6.0. 

The invention has been developed based on our finding as a result of sustained 
35 R&D work, that the incorporation of benzimidazole derivatives, particularly 
usefiil for the treatment of duodenal ulcers, along with an alkaline inert reacting 
material into a hydrophobic oily substance wherein the benzimidazole 
derivative is in the form of solution or dispersion, results in extended periods of 
stability during which period the composition does not get discolored and / or 
40 degraded. 



3 
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In other words, the active ingredient in the composition is kept partially in the 
form of solution and partially in the form of finely divided particles suspended 
freely in the oily substance which makes the active ingredient readily 
absorbable the moment the gastric resistant but intestinal soluble gelatin 
composition is dissolved. 

Such a composition will have an advantage over the existing tbrm of the 
formulation as the available dosage forms for benzimidazole derivatives are 
having the total amount of active ingredient in the form of solid particles 
engulfed in a solid matrix of excipients preferably hydrophilic substances, 
further coated with protective and gastric resistant enteric polymer coatings! 
It may take some time to dissolve these coats before the benzimidazole 
derivative is dissolved into the surronding intestinal fluid and gets absorbed. 

Accordingly the main objective of the present invention is to provide an 
improved pharmaceutical composition containing benzimidazole derivatives 
having enhanced stability during storage. 

According to another objective of the present invention there is provided 
intestine dissoluble soft gel capsule composition comprising gelatin and an 
enteric polymer in the form of a free acid or its salt and the pharmaceutical 
compositioii comprises benzimidazole derivatives, in particular omeprazole, 
incorporated in an oily base which is stable during shelf storage. ' 

Still another objective of the invention is to provide a pharmaceutical 
composition comprising benzimidazole derivatives, to be filled into soft gel 
cqjsules, which composition reduces degradation of the benzimidazole 
derivatives during storage / shelf Ufe. 

According to still another objective of the invention there is provided a process 
for preparation of soft gel capsules comprising benzimidazole derivatives that 
are resistant to the digestive / gastric juice, a gelatin mass and an enteric 
polymer in the form of a free acid or as its salt. 

Accordingly, the present invention provides, an improved pharmaceutical 
composition in the form of a soft gel capsule resistant to gastric juice and 
soluble in intestine useftil for the treatment of duodenal ulcers and related 
ailments which comprises a gelatin shell which is resistant to gastric juice and 
soluble in intestine having an enteric polymer coating in the form of free acid or 
its salt, the capsule incorporating a composition comprising of benzimidazole 
derivative, a hydrophobic oily substance or a mixture of such 
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oily substances, an alkaline inert reacting material, a dispersing agent, a surface 
active agent and / or a solublising agent; the resulting capsules being insoluble 
in aqueous medium up to a pH of 5.5 but quickly dissolving above pH of 6.O., 

According to another feature of the present invention, there is provided a 
process for the preparation of a phaimaceutical composition in the form of a 
soft gel c^sule resistant to gastric juice and soluble in intestine useful for the 
treatment of duodenal ulcers and related aihnents which comprises forming a 
gelatin sheU which is resistant to gastric juice and soluble in intestine having an 
enteric polymer coating in the form of free acid or its salt, incorporating into 
the resultant capsule a composition comprising a benzimidazole derivative, a 
hydrophobic oily substance or a mixture of such oily substances, such 
substance(s) being insoluble in aqueous medium up to a pH of 5.5 but quickly 
dissolving above pH of 6.0.,an alkaline inert reacting material, a dispersing 
agent, a surfece active agent and / or a solublising agent. 

The capsules so formed are insoluble in aqueous medium up to a pH of 5.5 but 
quickly dissolve above pH of 6.0. 

In a preferred embodiment of the invention, the enteric polymer used in the soft 
gel c^sule composition may be selected from among the polymers but not 
Imiited to free acid fonns of hydroxypropyl methyl cellulose phlhalate, 
alkyhnethaciylate and methacrylic acid ester copolymers, polyvinylacetate 
phthalate and the like or their ammonia or alkali metal salts. The amount of 
such enteric polymer employed may range fixjm 5.0 - 40.0 percent, preferably 
5.0 - 25.0 percent by weight with reference to the dried shell. 

The gelatin mass into which the enteric polymer is incorporated is made up of a 
composition known in the art and contains gelatin, a plasticizer, preservatives, 
colourants, opacifiers, flavours etc., as required. 

In order to cany out faster dissolution of the enteric polymer for preparing the 
c^sule shell composition, the polymer is first dispersed in water, then an 
aqueous solution of ammonia or alkali metal salt is mixed while stirring. When 
alkali metal salt is used it may be selected from substances such as sodium 
hydroxide, potassium hydroxide, bicarbonate sodium, potassium bicarbonate, 
sodium carbonate, potassium carbonate etc. The quantity of the base materials* 
used is such that it is suificient to neutralise 60 to 100 percent of the free acid 
groups present in the selected enteric polymer. 
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15 



20 



The excess ammonia or alkali has to be removed from the capsule shell 
composition to avoid decomposition of the ester couplings inZShJ^ 
^TsZ^:ir"ri'"^"'"°" polymer soiutio^^^ 

^T^^n ZT^'^'^'t^''^^^ preparing the capsule after mixing 

^ aHc^i metal salts are used, the excess alkali is to be neutralized by 
fa-eatmg tiie capsules with an acid selected from any of die foBowingwieJ 

aads such as acebc acid, propiomc acid, benzoic acid etc., dicarboxylic S 

foim of cold chlute aqueous solutions in the concentration range of 3 to 30% 
depending on the type of acid used. The acid treatment may be Lied oS ato 
manufacturmg and partial drying of the capsules to avoid defbnnation and / or 
leakage of the capsule contents. 

invention the soft gel cmsules are 
optionally treated with a cross-linking agent that reacts with gelatin and makes 
It insoluble m gastric juice. The cross-linking agent may be selected from 
among the aldehydes such as formaldehyde, glutaialdehyde, crotonaldehyde 
? aldehyde, l_,3:3Aftalic add aldehyde, l,4.phthalic acid 

aldeh^e or caibodiimides like l-ethyl-3-[2-moipholinyl.(4)-ethylf 
25 cart)odmmde-metho-p-toluene-sulfonate. The treatment may be done by either 
ooatiiig 0.05 to 1.0% w/v of the substance in an alcohol contaimng aqueous 
solution on to the soft gel capsule surface or mixing these substances in the 
gelatin mass before capsule manu&cturing. 

30 According to another feature of the invention the pharmaceutical composition 
containing benzimidazole derivative, known for its potent proton pump 
inhibition with powerful inhibitoiy action against the secretion of gastric juice, 
is prepared by suspending and/or solubilising die benzimidazole derivative in a 
carrier mixture composed of a hydrophobic oily carrier material, an alkaline 

35 inert reacting material and a di^)ersing agent and/or a surface active a^nt. 
surface active agent. The amount of such benzimidazole derivative used is 
equivalent to one unit dose recommended depending on the benzimidazole 
derivative incorporated i.e. for omeprazole the amount incorporated into 
enteric soft gel capsule may range from 10.0 to 60.0mg per capsule, preferably 

40 20.0 to 40.0 mg per capsule. 
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The hydrophobic oily material may be selected from among the following tats 
and oils: Fats and oils of vegetable origin such as sesame oil, corn, maize oil 
soybean oil, sunflower oil, arachis oil, gingly oil etc.; animal oils such as fish 
oil, pig oil, beef oil etc.; esters of straight chained aliphatic oils contained in 
glycerol such as Sunsoft 700 P-2 (a monoester substance manufactured by 
Taiho Chemicals Company) Panasete 810 ( a triester substance, manufactured 
by Nippon Oils and Fats); hydrogenated vegetable oils or a mixture thereof 
The amount of such hydrophobic oily material may range from 50 0 to 80 0 
percent by weight with reference to the contents filled in a capsule. 

The alkaline buffering material present in the pharmaceutical composition may 
be selected from among but are not restricted to substances such as the sodium 
potessium, calcium, magnesium and aluminum salts of phosphoric acid 
carbomc acid, citric acid, other suitable orgarac or inorganic acids; substances 
used in antacid preparations; meglumine; triethanolamine etc. The amount of 
such alkalme buffenng material present in the composition may range from 5 0 
to 40.0 percent, preferably 10.0 to 25.0 percent by weight with reference to the 
contents filled in capsule. 

The substances that increase viscosity of the oily material either by dissolving 
or by forramg a colloidal dispersion are used as dispersing agents The 
dispCTsmg agent is selected from among but not restricted to colloidal silicon 
dioxide, poIyvmylpyiTolidone etc. The mount of such suspending agent present 
in file composition may range from 0.5 to 20.0 percent preferably 1 0 to 10 0 
percent by weight with reference to the content filled in c^sules. 

The surface active agent used as soluWising and / or dispersing agents is 
selected from among but is not restricted to substances such as glyceryl 
monostearate. polyoxyethylene castor oil derivatives such as Cremophor RH 
40 Cremophor EL (Make : BASF Corporation), lecithin, polyoxyethylene 
sorbitan fatty acid esters, sodium lauiyl sulphate, doccusate sodium etc The 
amount of such surface active agent present in the composition may range from 
2.0 to 20.0 percent preferably 5.0 to 15.0 percent by weight with reference to 
contents filled in capsule. 

The seamless soft gel capsules can be manufactured on a rotary die machine 
fillmg with the liquid and / or semi solid composition containing benzimidazole 
derivatives. 
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The invention is described in detail in the examples given below which are 
provided by way of illustration only and therefore should not be construed to 
limit the scope of the invention. 

EXAMPLE - 1 
a) Composition of the Soft gelatin sheU: 

Name of the ingredient Percent by wt. 



Gelatin 35 0 

Glycerin 17 5 

Water 20.0 

Hydroxypropyl methyl cellulose phthalate 7.5 

Ammonia solution (25%w/v) 20.0 



Gelatin mass is prepared by dispersing gelatin in a mixture of water and 
glycerol mamtained at 70°C. Hydroxypropyl methylcellulose phthalate is 
dissolved by stimng in to ammonia solution at room temperature The 
polymer solution is added to gelatin mass while stirring the mass 
mamtained at 45 - 50°C. Vacuum is applied to the mixing vessel to 
remove the ammonia evolved and to obtain bubble free transparent 
mixture of polymer solution and gelatin mass. 

b) Composition of the medicament: 

Name of the ingredient mg/ Capsule 

Soybean oil 280.0 

Omeprazole 20.0 

Meglumine 20.0 

Lecithin 30.o 

Lecithin is dispersed into soybean oil using a mechanical stirrer. 
Omeprazole and meglumine are added to the dispersion while stirring to 
obtain a smooth dispersion. 

c) Mannfacturing of capsule; 

This gelatin mixture is transferred to the holding tank of a rotary die 
capsulation machine for manufacture of a capsule shell. The dispersion 
containing medicament is transferred to the hopper of the capsulation 
machine for filling into the soft gel capsules. The soft gel capsules are 
manufactured by a rotary die process. 
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EXAMPLE -2 



5 



a) Composition of the Soft gelatin shell: 



Name of the ingredient 



Percent by wt. 



10 



Gelatin 

Glycerin 

Water 

Hydroxypropyl methyl cellulose phthalate 
Ammonia solution (25%w/v) 



30.0 
15.0 
20.0 
10.0 
25.0 



15 Gelatin mass is prepared by dispersing gelatin in a mixture of water and 

glycerin maintained at 70°C. Hydroxypropyl methyl cellulose phthalate is 
dissolved by stirring in to ammonia solution at room temperature. The 
polymer solution is added to gelatin mass while stirring the mass 
maintained at 45 - 50^C. Vacuum is applied to the mixing vessel to 

20 remove the ammonia evolved and to obtain bubble free transparent 

mixture of polymer solution and gelatin mass. 

b) Composition of the medicament : 
25 Name of the ingredient mg/ Capsule 



30 



Soybean oil 
Omeprazole 
Meglimiine 
Lecithin 



280.0mg 
20.0mg 
20.0mg 
30.0mg 



Lecithin is dispersed into soybean oil using a mechanical stirrer. 
Omeprazole and meglumine are added to the dispersion while stirring to 
obtain a smooth dispersion. 



35 



c) Manufacturing of capsule: 



40 



This gelatin mixture is transferred to the holding tank of a rotary die 
capsulation machine for manufacture of a capsule shell. The dispersion 
containing medicament is transferred to the hopper of the capsulation 
machine for filling into the soft gel capsules. The soft gel capsules are 
manufactured by a rotary die process. 
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EXAMPLE - 3 



a) Composition of the Soft gelatin shell: 

Name of the ingredient Percent by wt 

Gelatin 40 q 

Glycerin ^ 

Water 20.0 

Hydroxyprq)yl methyl cellulose phthalate 5.0 

Ammonia solution (25%wA') 17.5 

Gelatin mass is prepared by dispersing gelatin in a mixtiire of water and 
glycerm mamtamed at 70°C. Hydroxypropyl methyl cellulose phthalate is 
dissolved by stirring in to ammonia solution at room temperatiire. The 
polymer solution is added to gelatin mass while stirring the mass 
mamtamed at 45 - 50°C. Vacuum is apphed to the mixing vessel to 
remove the ammonia evolved and to obtain bubble free ti^sparent 
mixture of polymer solution and gelatin mass. 

b) Composition of the medicament: 



Name of tiie ingredient mg/ Capsule 

Soybean oil 280.0mg 

Omeprazole 20.0mg 

Meglumine 20.0mg 

Lecithin 30.0mg 

Lecithin is dispersed into soybean oil using a mechanical stirrer. 

Omeprazole and meglumine are added to the dispersion while stirring to 
obtain a smooth dispersion. 

c) Manufacturing of capsule: 



This gelatin mixture is transferred to the holding tank of a rotary die 
capsulation machine for manufacture of a capsule shell. The dispersion 
containing medicament is transferred to the hopper of the capsulation 
machine for tilling into the soft gel capsules. The soft gel capsules are 
manufactured by a rotary die process. 
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EXAMPLE -4 
a) Composition of the Soft gelatin shdl: 



Mame of the ingredient Percent by wt. 

Gelatin 35.0 

Glycerin 17.5 

Water 25.0 
Hydroxypropyl methyl cellulose phthalate 7, 5 

Ammonia solution (25%w/v) 15.0 



Gelatin mass containing hydroxypropyl meAyl cellulose is prepared by 
dispersing hydrox>propyl methyl cellulose phthalate in the fomi of a fine 
powder in a mixture of glycerin and water maintained at 70®C in which 
gelatin is dispersed to dissolve forming the gelatin mass. After cooling 
the mass to 45'^C, ammonia solution is added slowly along the stirrer rod 
while stiixing into the gelatin preparation tank. Stirring is continued till 
hydroxypropyl m^iyl cellulose phthalate is completely dissolved. The 
mass is made bubble free by applying vacuum while maintaining the mass 
at 45 - 50''C under continuous mixing. 

b) Composition of the medicament: 



Name of the ingredioit mg / capsule 

Soybean oil 200. Omg 

CremohorRH40 40.0mg 

Lansoprazole 30.0mg 

Disodium hydrogen orthophosphate 30.Qmg 
Anhydrous 



Cremophor RH 40 is dispersed in soybean oil at 30®C. After cooling to 
room temperature Lansoprazole and disodium hydrogen orthophosphate 
are dispersed in to the mixture in the form of fine particles with the help of 
a mechanical stirrCT and / or a homogeniser. 

c) Manufacturing of capsule: 

This gelatin mixture is transferred to the holding tank of a rotary die 
capsulation maclune for manufecture of a capsule shell. The dispersion 
containing medicament is transferred to the hopper of the capsulation 
machine for filling into the soft gel capsules. The soft gel capsules are 
manu&ctured by a rotary die process. 

11 
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EXAMPLE - 5 
a) Composition of the Soft gdatin shell: 

Name of the ingredient Percent by wt 

Gelatin 35 0 

Glycerin ^ 5 q 

Water 20.0 

Hydroxypropyl methyl cellulose phthalate 1 0.0 

Sodium hydroxide solution 1% w/v 20.0 

Gelatin mass is prepared by dispersing gelatin in a mixture of water and 
giycenn mamtained at 70°C. Hydroxypropyl methyl cellulose phthalate is 
dissolved by stimng in to sodium hydroxide solution at room temperatiire 
Hydroxypropyl methyl cellulose phthalate solution in ammonia is added to 
gelatin mass while stirring the mass maintained at 45 - 50°C. Vacuum is 
applied to the mixing vessel to remove the ammonia evolved and to obtain 
bubble free b:ansparent mixture of polymer solution and gelatin mass. 

b) Composition of the medicament: 

Name of the ingredient mg / capsule 

Soybean oil 200.0mg 

Hydrogenated vegetable oil 85.0mg 

Lecitiiin 20.0mg 

Pantoprazole Sodium 45.0mg 

Meglumine 20.0mg 

Hydrogenated vegetable oil is melted and dispersed into soybean oil at 30 
- 40°C followed by lecithin, meglumine and pantoprazole sodium and 
cooled to room temperature. The mixture is kneaded into a smooth paste 
using a triple roller mill. 

c) Manufacturing of capsule: 



This gelatin mixture is ti-ansfeired to the holding tank of a rotary die 
capsulation machine for manufacture of a capsule shell. The dispersion 
containing medicament is transferred to the hopper of the capsulation 
machine for filling into the soft gel capsules. The soft gel capsules are 
manufactured by a rotary die process. 
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EXAMPLE - 6 
a) Composition of the Soft gelatin sheU: 

Name of the ingredient percent by wt. 

Gelatin 20 0 

Propylene glycol 1 5 q 

Water 20.0 

Hydroxypropyl methyl cellulose phthalate 1 0.0 

Gelatin mass is prepared by dispersing in water at 70°C. Hydroxypropyl 
methyl cellulose phthalate is dissolved in propylene glycol at 60 - 70°C 
and mixed with the gelatin mass to obtain uniform mixture. 

b) Composition of the medicament: 

Name of the ingredient „g , capsule 

Soybean oil 280.0mg 
Onqirazole 20.0mg 
Meglumme 20.0mg 

30.0mg 

Ucithin is dispersed into soybean oil using a mechanical stirrer 
Omeprazole and meglumine are added to the dispersion while stirring to 
obtam a smooth dispersion. 

c) Manufacturing of capsule: 

This gelatin mixture is transferred to the holding tank of a rotary die 
capsulation machine for manufacture of a capsule shell. The dispersion 
contammg medicament is transferred to the hopper of the capsulation 
machine for filling into the soft gel capsules. The soft gel capsules are 
manufactured by a rotary die process. 
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EXAMPLE - 7 
a) Composition of the Soft gelatin slieil: 



Name of the ingredient Percent by wt. 

Gelatin 35.O 

Glycerin I7.5 

Water 20.0 

Polyvinylacetate phthalate (PVAP) 7.5 

Ammonia solution (25%w/v) 20.0 



Gelatin mass is prepared by dispersing gelatin in a mixture of water and 
glycerin maintained at 70°C. Polyvinylacetate phthalate is dissolved by 
stirring into ammonia solution at room temperature. Polyvinylacetate 
phthalate solution in ammonia is added to gelatin mass while stirring the 
mass maintained at 45 - 50*'C. Vacuum is applied to the mixing vessel to 
remove the ammonia evolved and to obtain bubble free transparent 
mixture of poljraer solution and gelatin mass. 

b) Composition of the medicament: 



Name of the ingredient mg/ capsule 

Sunflower oil 200.0mg 

Cremophor RH 40 40.0mg 

Lansoprazole 30.0mg 

Disodium hydrogen orthophosphate 30.0mg 

Anhydrous 



Cremophor RH 40 is dispersed in sunflower oil at 30°C. After cooling to 
room temperature Lansoprazole and disodium hydrogen orthophosphate 
are dispersed into the mixture in the form of fine particles with tihe help of 
a mechanical stirrer and / or a homogeniser. 

C) Manufacturing of capsule: 

This gelatin mixture is transferred to the holding tank of a rotary die 
capsulation machine for manufacture of a capsule shell. The dispersion 
containing medicament is transferred to the hopper of the capsulation 
machine for filling into the soft; gel capsules. The soft gel capsules are 
manufactured by a rotary die process. 



14 



wo 01^4780 



PCT/INOO/00079 



EXAMPJLE - 8 
a) Composition of the Soft gelatin sheli: 

Name of the ingredient percent by wt. 

Gelatin 35 0 

Glycerine Iqq 

Triethyl citrate 7 5 

Water 20.0 

Methaciylic acid co-polymer Type - C 7.5 

Ammonia solution (25%w/v) 2O.O 

Gelatin mass is prepared by dispersing gelatin in a mixture of water 
tnethyl citrate and glycerin maintained at 70°C. Methaciylic acid co- 
polymer Type - C is dissolved by stirring in to ammonia solution at room 
temperature. The polymer solution is added to gelatin mass while stirring 
the mass maintained at 45 - 50"'C. Vacuum is applied to the mixing vessel 
to remove the ammonia evolved and to obtain bubble free transparent 
mixture of polymer solution and gelatin mass. 

b) Composition of the medicament: 

Name of the ingredient mg/ Capsule 

Soybean oil 280 0 

Omeprazole 20 0 

Meglumine 20 0 

Colloidal sihcon dioxide 6 0 

Colloidal silicon dioxide is dispersed into soybean oil using a mechanical 
stiirer. Omeprazole and meglumine are added to the dispersion while 
stirring to obtain a smooth dispersion. 

c) Manufacturing of capsule; 

This gelatin mixture is transferred to the holding tank of rotary die 
capsulation machine for manufacture of capsule shell. The dispersion 
containing medicament is transferred to the hopper of the capsulation 
machine for filling into the soft gel capsules. The soft gel capsules are 
manufactured by rotary die process. 
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EXAMPLE -9 



a) Composition ofthe Soft gelatin shdl: 

Name of the ingredient Percent by wt. 

^ 1 *; 30.0 

Gelatin 

Z^r" 20.0 
Water 

Polyvinyl acetate phthalate 

Ammonia solution (25%w/v) 25.0 

Gelatin mass is prepared by dispersing gelatin in a mixture of water and 
glycerin maintained at 70«C. Polyvinyl acetate phthalate dissolved by 
in to ammonia solution at room temperature. The polymer 
solution is added to gelatin mass while stirring the mass ^^"f^f^'^^- 
50°C Vacuum is applied to the mixing vessel to remove the ammonia 
evolved and to obtain bubble free transparent mixture of polymer solution 
and gelatin mass. 

b) Composition of tiic medicament : 

Name of the ingr^ient «g ^ CaP«"»* 

Sun flower Oil 280.0mg 

Omeprazole ^O.Omg 

MegLiine 20.0mg 

Ledthin 30.0mg 

Lecithin is dispersed into Sun flower oil using a mechanical stirrer 
Omeprazole and meglumine are added to the dispersion while sttmng to 
obtain a smooth dispersion. 

c) Manufacturing of capsule: 

This gelatin mixture is transferred to the holding tank of rotaiy die 
capsulation machine for manufacture of capsule shell The dispersion 
containing medicament is transferred to the hopper of the capsulation 
machine for filling into the soft gel capsules. The soft gel capsules are 
manufactured by rotar>' die process. 
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EXAMPLE -10 
a) Composition of the Soft gelatin shell: 



Name of the ingredient Percent by wt. 

Gelatin 40.0 
Triethyl citrate 7.5 

Glycerin 10.0 

Water 20.0 
Methacrylic acid co-polymer Type - A 7.5 

Ammonia solution (25%w/v) 17.5 



Gelatin mass is prepared by dispersing gelatin in a mixture of water 
Triethyl citrate and glycerin maintained at 70''C. Methacrylic acid co- 
polymer Type - A is dissolved by stirring in to ammonia solution at room 
temperature. The polymer solution is added to gelatin mass while stirring 
the mass maintained at 45 - 50^C. Vacuum is applied to the mixing vessel 
to remove the ammonia evolved and to obtain bubble free transparent 
mixture of polymer solution and gelatin mass. 

b) Composition of the medicament: 



Name of the ingredient mg / Capsule 

Soybean oil 280.0mg 
Omeprazole 20.0mg 
Meglumine 20.0m"g 
Colloidal silicon dioxide 30.0mg 



Colloidal silicon dioxide is dispersed into soybean oil using a mechanical 
stirrer. Omeprazole and meglumine are added to the dispersion while 
stirring to obtain a smooth dispersion. 

c) Manufacturing of capsule: 

This gelatin mixture is transferred to the holding tank of rotary die 
capsulation machine for manufacture of capsule shell. The dispersion 
containing medicament is transferred to the hopper of the capsulation 
machine for filling into the soft gel capsules. The soft gel capsules are 
manufactured by rotary die process. 
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The advantages of the present invention are: 

1) Simple method of manufacturing, when compared to the methods disclosed 
in the prior art making the process economical. 

2) Improved bioavailability when compared to the solid enteric coated pellets 
and tablets as the medicament is solublised or suspended in the fonn of 
very fine particles in the liquid / semisolid pharmaceutical composition 
filled into the soft gel capsule. 

3) The reactive acidic groups of enteric polymers are in minimal contact with 
the active ingredient as die polymer is mixed into large amount of gelatin 
mass. Only small amounts of alkaline reactive material is required to 
neutralize die free fatty acids in die oily substances and free acidic reacting 
groiq)s of enteric polymer in contact with die active ingredient on inner 
sui^e of the shell. 

4) The soft gel does not require any protective sub-coating. Consequendy the 
active ingredient quickly dissolves into die intestinal flmd once die gastric 
'^sist^t but intestinal soluble gelatin composition is dissolvejd. 

5) The soft gel capsules are simple in composition and therefore do not 
require any sophisticated equipment for manufecturing. 
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We claim: 

1 . A pharmaceutical composition in form of a soft gel capsule resistant 
to gastric juice and soluble in intestine useful for the treatment of 
duodenal ulcers and related ailments which comprises of a gelatin shell 
resistant to gastric juice and soluble in intestine having an enteric 
polymer mixed into gelatin in the form of free acid or its salt and the 
capsule incorporating a composition comprising of benzimidazole 
derivative, a hydrophobic oily substance or a mixture of such oily 
substances, an alkaline inert reacting material, a suspending agent, a 
surface active agent and / or a solubHsing agent; wherein the capsules 
are insoluble in aqueous medium up to a pH of 5.5 but quickly 
dissolving above pHof6.0. 

2. A pharmaceutical composition as claimed in claim 1 wherein the 
benzimidazole derivative, is selected from medicaments such as 
omeprazole, lansoprazole, pantoprazole, timoprazole and the like and 
the amount present in the formulation is equivalent to one unit dose of 
selected benzimidazole derivative. 

3. A pharmaceutical composition as claimed in claims 1 & 2 wherein 
the enteric polymer employed for coating the gelatin shell is selected 
from polymers such as hydroxypropyl methyl cellulose phthalate, alkyl 
methaciylate and methaciylic acid copolymers, polyvinyl acetate 
phthalate and die like in the form of free acid or their ammonia or alkali 
metal salts and the amount employed ranging from 5.0 to 40.0 
percent, preferably 5.0 to 25.0 percent by weight, with reference to the 
dried shell. 

4. A pharmaceutical composition as claimed in claims 1 to 3 wherein 
the benzimidazole derivative in the formulation is suspended / 
solubihsed in a hydrophobic oily substance selected from fats and oils of 
vegetable origin such as sesame oil, com oil, maize oil, soybean oil, 
sunflower oil, arachis oil, gingly oil and the like; animal origin such as 
fish oil, pig oil, beef oil and the like; esters of sfraight chain aliphatic oils 
such as SunSoft 700 P-2 (Taiho chemical company) Panasete 810 
(Nippon oils and Fats); hydrogenated vegetable oils or a mixture thereof 
and the amount of hydrophobic oily substance used ranging from 50.0 
to 80.0 percent by weight, with reference to the contents filled in 
capsules. 
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5 5. A pharmaceutical composition as claimed in claims 1 to 4 wherein 
substances such ascolloidal silicon dioxide, polyvinylpyrrolidone are 
used as dispersing agents in an amount ranging from 0.5 to 20.0 percent 
preferably 1.0 to 10.0 percent by weight and materials such as glyceryl 
monostearate, lecithin, polyoxyethylene castor oil derivative such as 

10 Cremophor RH 40, Cremophor EL (BASF) polyoxyethylene sorbitan 

fatty acid esters, sodium lauryl sulphate, docusate sodium and the like 
are used as surface active agent and / or a solublising agent and the 
amoimt of surface active agent and/or solublising agent ranging from 2.0 
to 20.0 percent, preferably 5.0 to 15.0 percent by weigjit, with reference 



15 to the contents filled in capsule. 

6. A pharmaceutical composition as claimed in claims 1 to 5 wherein 
materials such as the sodium, potassium, calcium, magnesium and 
aluminium salts of phosphoric acid, carbonic acid, citric acid, o&er 
20 suitable organic or inorganic acids; substances used in antacid 



preparations; meglumine; triethanolamine and the like are used as 
alkaline inert reacting materials and the amount ranging from 5.0 to 
40.0 percent, preferably 10.0 to 25.0 percent by weight, with reference 
to the contents filled in capsule. 

25 

7. A pharmaceutical composition as claimed in claims 1 to 6 wherein 
the soft gel capsules are treated with a gelatin cross linking agent such as 
formaldehyde, glutaraldehyde, crotonaldehyde, 1,2-phthalic acid 
aldehyde, 1,3-phthalic acid aldehyde, 1,4-phthalic acid aldehyde; 

30 carboimides such as l-ethyl-3-[2-moipholinyl-(4)-ethyl]-carboimide- 

metho-P-toluene-sulfonate and the like. 

8. A pharmaceutical composition as claimed in claims 1 to 7 wherein 
the soft gel capsules are treated with cold dilute solutions of acids 

35 selected from hydrochloric acid, sulphuric acid, nitric acid, phosphoric 

acid, citric acid, propionic acid, benzoic acid, oxalic acid, maleic acid, 
fumaric acid and the like. 

9. A process for the preparation of a pharmaceutical comjx>sition in Ae 
40 form of a soft gel capsule resistant to gastric juice and soluble in 

intestine usefiil for the treatment of duodenal ulcers and related ailments 

20 
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which comprises forming a gelatin shell which is resistant to gastric juice 
and soluble in intestine having an enteric polymer in the form of free 
acid or its salt, and incorporating into the resultant capsule a 
composition comprising of a benzimidazole derivative, a hydrophobic 
5 oily substance or a mixture of such substances, an alkaline inert reacting 

material, a suspending agent, a surface active agent and / or a 
solublising agent; where the resultant capsules are insoluble in aqueous 
medium up to a pH of 5.5 but quickly dissolve above pH of 6.0, 

10 

10. A pharmaceutical composition in form of a soft gel capsule resistant 
to gastric juice and soluble in intestine useful for the treatment of 
duodenal ulcers and related ailments substantially as herein described 
with reference to the examples. 
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(54) Title: STABLE PHARMACEUTICAL COMPOSITIONS COMPRISING ACID LABILE BENZIMIDAZOLES 




(57) Abstract: This invention provides a solid preparation without enteric coating which contains an acid labile active ingredient, 
paiticularly, a benzimidazole compound having an antiulcer action, and can neuti alize the acid in stomach quickly, and exerts quickly 
the pharmacological effect of the active ingredient and suppresses the generation of a carbon dioxide gas as much as possible. A 
^5 gastric disintegrable solid preparation contains an acid labile active ingredient, particularly, a benzimidazole compound, and at least 
one component selected from metal oxides and metal hydroxides. The preparation does not enteric-coated, but has a disintegration 
time of 7 minutes or less. 
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DESCRIPTION 

STABLE PHARMACEUTICAL COMPOSITIONS COMPRISING ACID LABILE BENZIMIDAZOLES 

Technical Field 

5 The present invention relates to a solid preparation, 

further in detail, to a medical solid preparation 
containing an acid labile active ingredient, particularly, 
an acid labile active ingredient such as a benzimidazole 
compound useful as an antiulcer agent. 

10 

Background Art 

Benzimidazole compounds such as lansoprazole, 
omeprazole, rabeprazole and the like are widely used as a 
digestive ulcer therapeutic agent because of its gastric 

15 acid secretion suppressing action and gastric mucous 
membrane preventing action and the like.* 

However, these compounds have poor stability, and 
unstable to humidity, temperature and light. They are 
particularly unstable to an acid, and become extremely 

20 unstable in aqueous solution or suspension as the pH of the 
solution or suspension lowers. 

In a preparation, namely, a tablet, powder, fine 
particles, capsule and the like, benzimidazole compounds 
become unstable since mutual interaction with other 

25 components of the preparation is stronger in a preparation 
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than that of the compounds alone, and consequently, 
coloration change or decomposition is observed in 
production and storage. For stabilization of them, JP-A 
10-36290 discloses enteric granules or enteric fine 
5 particles obtained by compounding a stabilizer composed of 
an inorganic base salt of magnesium and/or calcium for a 
medical solid composition, then, applying an enteric 
coating. 

However, for producing such an enteric preparation, a 
10 process is required in which fine particles or granules 
containing a benzimidazole compound are produced, then, an 
enteric coating is applied. Further, since it takes a 
longer time until an enteric film is dissolved and a 
medicine is absorbed in a digestive tract after 
15 administration, a quick pharmacological effect can not be 
expected in the early stages after administration. 

On the other hand, USP 5, 840, 737 and WO 00/26185 
disclose a solution, suspension, tablet and capsule 
obtained by combining omeprazole or lansoprazole, which is 
20 not enteric-coated, with an alkali metal salt of 
bicarbonate. 

However, since these preparations are combined with a 
bicarbonate, they react with an acid in stomach to evolve 
carbon dioxide gas which causes burping, and therefore they 
25 are not preferable from the viewpoint of compliance. 
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Objects of the Invention 

An object of the present invention is to provide a 
solid preparation having no enteric coating which is 
5 capable of neutralizing quickly an acid in stomach, 
realizing quick occurrence of pharmacological effect of an 
active ingredient, and suppressing the evolution of carbon 
dioxide gas as much as possible, by solving the above- 
mentioned problems in medical solid preparations containing 
10 an acid labile active ingredient typically including 
benzimidazole compounds. 

Summary of the Invention 

The present inventors have found that a metal oxide 

15 and/or metal hydroxide is suitable for a gastric acid 
neutralizing agent in a solid preparation containing an 
acid labile active ingredient and having no enteric coating, 
and further investigation resulted in completion of the 
present invention . 

20 Namely, the present invention provides: 

(1) A gastric disintegrable solid preparation 
comprising an acid labile active ingredient and at least 
one component selected from metal oxides and metal 
hydroxides; 

25 (2) A solid preparation according to the above- 
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4 



mentioned (1), wherein the disintegration time is within 7 
minutes; 

(3) A solid preparation according to the above- 
mentioned (1)/ which is the preparation without enteric 

5 coating; 

(4) A solid preparation according to the above- 
mentioned (1)^ which comprises further at least one 
component selected from carbonates of alkali earth metal 
and basic additives having high water-solubility; 

10 (5) A solid preparation according to the above- 

mentioned (1), wherein an acid labile active ingredient is 
a proton pump inhibitor (hereinafter, referred to as 

XX pp J// ) • 

(6) A solid preparation according to the above- 
15 mentioned (5), wherein the PPI is a benzimidazole compound; 

(7) A solid preparation according to the above- 
mentioned (6) , wherein a benzimidazole compound is a 
compound represented by the formula (I) : 




(I) 



20 wherein ring A is an optionally substituted benzene ring^ 
is hydrogen atom, an optionally substituted aralkyl 
group, acyl group or acyloxy group, R^, R^ and R^ are the 
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same or different and each represent a hydrogen atom, an 
optionally substituted alkyl group, an optionally 
substituted alkoxy group or an optionally substituted amino 
group, and Y represents a nitrogen atom or CH, or a salt 
5 thereof; 

(8) A solid preparation according to the above- 
mentioned (6), wherein a benzimidazole compound is 
lansoprazole, omeprazole, rabeprazole or pantoprazole, or 
an optically active compound thereof; 
10 (9) A solid preparation according to the above- 

mentioned (1) , wherein the metal oxides and the metal 
hydroxides are those of which 1% aqueous solution or 1% 
aqueous suspension has a pH of 8 • 0 or more; 

(10) A solid preparation according to the above- 
15 mentioned (1) which comprises at least one metal oxide 

selected from the group consisting of magnesium oxide, 
magnesium silicate, dry aluminum hydroxide gel and 
magnesium metasilicate aluminate; 

(11) A solid preparation according to the above- 
20 mentioned (1) which comprises at least one metal hydroxide 

selected from the group consisting of magnesium hydroxide, 
aluminum hydroxide, synthetic Hydrotalcite, coprecipitate 
of aluminum hydroxide and magnesium hydroxide, 
coprecipitate of aluminum hydroxide, magnesium carbonate 
25 and calcium carbonate, and coprecipitate of aluminum 
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hydroxide and sodium bicarbonate; 

(12) A solid preparation according to the above- 
mentioned (4), wherein the carbonate of alkali earth metal 
is calcium carbonate or magnesium carbonate; 
5 (13) A solid preparation according to the above- 

mentioned (4), wherein the basic additive having high 
water-solubility is trometamol, disodium succinate, sodium 
hydrogen phosphate, trisodium phosphate, dipotassium 
phosphate or L-arginine; 
10 (14) A solid preparation according to the above- 

mentioned (1) which contains magnesium oxide; 

(15) A solid preparation according to the above- 
mentioned (1) which contains magnesium hydroxide; 

(16) A solid preparation according to the above- 
15 mentioned (1) which contains magnesium oxide and magnesium 

hydroxide; 

(17) A solid preparation according to the above- 
mentioned (14) or (16), wherein the magnesium oxide is one 
obtained by calcination at a temperature ranging from about 

20 500°C to about lOOO^'C and of purity higher than 95%; 

(18) A solid preparation according to the above- 
mentioned (14), wherein the magnesium oxide has a BET 
specific surface area of about lOm^/g to about 50m^/g. 

(19) A solid preparation according to the above- 
25 mentioned (6) , which contains at least one component 
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selected from metal oxides and metal hydroxides at a ratio 
of 0.1 to 1500 parts by weight relative to 1 part by weight 
of the benzimidazole compound; 

(20) A solid preparation according to the above- 
5 mentioned (6)^ which contains at least one component 
selected from metal oxides and metal hydroxides together 
with a salt of alkali earth metal at a total ratio thereof 
of 0-1 to 1800 parts by weight relative to 1 part by weight 
of the benzimidazole compound; 
10 (21) A solid preparation according to the above- 

mentioned (1), which is a tablet, a granule or a capsule; 

(22) A solid preparation according to the above- 
mentioned (1), wherein a group containing an acid labile 
active ingredient and a group containing a metal oxide or a 

15 metal hydroxide but containing no active ingredient are 
separately compounded; and 

(23) A solid preparation according to the above- 
mentioned (4), wherein (1) a group containing both an 
active ingredient and at least one component selected from 

20 metal oxides, metal hydroxides, carbonates of alkali earth 
metal and basic additives having high water-solubility and 
(2) a group not containing an acid labile active ingredient 
but containing at least one component selected from metal 
oxides, metal hydroxides, carbonates of alkali earth metal 

25 and basic additives having high water-solubility are 
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separately compounded . 



Detailed Description of the Invention 

The acid labile active ingredient in the present 
5 invention is not particularly restricted, and any active 
components becoming unstable when exposed to gastric acid 
can be applied. Examples of the acid labile active 
ingredient include PPIs, erythromycin antibacterial 
compounds, anti-inflammatory enzymatic agents such as 

10 serrapeptase, semialkali proteinase and the like. 
Particularly, the present invention is suitable for PPIs. 
Such PPIs include benzimidazole compounds and similar 
compounds such as imidazopyridine compounds, e.g. 
tenatoprazole . Examples of benzimidazole compounds will be 

15 described below, however, the present invention is not 
limited to them and can be also applied to other active 
components unstable to an acid. 

The benzimidazole compound which is a PPI, used in the 
present invention, includes a compound represented by the 

20 formula (I) : 




(i) 



wherein, ring A represents an optionally substituted 
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benzene ring, represents a hydrogen atom, an optionally 
substituted aralkyl group, acyl group or acyloxy group, R^, 
R*^ and R^ are the same or different and each represent a 
hydrogen atom, an optionally substituted alkyl group, an 
5 optionally substituted alkoxy group or an optionally 
substituted amino group, and Y represents a nitrogen atom 
or CH, or a salt thereof. 

In the formula (I), the compound is preferably a 
compound wherein ring A is a benzene ring which may 

10 optionally have a substituent group selected from a halogen 
atom, an optionally halogenated C^.^ alkyl group, an 
optionally halogenated Ci_4 alkoxy group and 5 or 6-membered 
heterocyclic group, is a hydrogen atom, is a C^.g alkyl 
group, Ci_6 alkoxy group, C^.^ alkoxy-C^.g alkoxy group or di- 

15 Ci_6 alkylamino group, R"^ is a hydrogen atom, C^.^ alkoxy-C^.g 
alkoxy group or optionally halogenated C^^g alkoxy group, R^ 
is a hydrogen atom or Ci.g alkyl group, and Y is a nitrogen 
atom. 

Particularly preferable is the compound represented by 
20 the formula (la) : 



r3 




wherein, R"^ is a hydrogen atom, R^ is a C1.3 alkyl group or 
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alkoxy group, is a C^.g alkoxy group which may be 

halogenated or substituted by C1.3 alkoxy group, is a 

hydrogen atom or Ci_3 alkyl group, and is a hydrogen atom, 
optionally halogenated C^.g alkoxy group or pyrrolyl group 
5 (e.g., 1-, 2- or 3-pyrrolyl group). 

In the formula (la), particularly preferable is the 
compound wherein R^ is a hydrogen atom, R^ is a Ci_3 alkyl 
group, R^ is an optionally halogenated C-^_-^ alkoxy group, R^ 
is a hydrogen atom, and R^ is a hydrogen atom or an 

10 optionally halogenated Ci_3 alkoxy group. 

In the compound represented by the formula (I) above 
(hereinafter, referred to as compound (1) ) r the 
substituent groups" in ^'an optionally substituted benzene 
ring" represented by ring A include, for example, a halogen 

15 atom, cyano group, nitro group, an optionally substituted 
alkyl groups, hydroxyl group, optionally substituted alkoxy 
group, aryl group, aryloxy group, carboxyl group, acyl 
group, acyloxy group, 5 to 10-membered heterocyclic group 
and the like, and 1 to 3 of these substituent groups may be 

20 substituted on a benzene ring. When the number of 

substituent groups is 2 or more, each substituent groups 
may be the same or different. Among these substituents , a 
halogen atom, an optionally substituted alkyl group and an 
optionally substituted alkoxy group are preferable. 

25 As the halogen atom, a fluorine atom, chlorine atom. 



wo 03/017980 



PCT/JP02/08704 



11 

bromine atom and the like are exemplified, among which a 
fluorine atom is preferable. 

Examples of ^^alkyl group" in '^an optionally 
substituted alkyl group" include Ci_7 alkyl group (for 
5 example^ methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, hexyl, heptyl and the like) . 
Examples of substituent group" in ^^an optionally 
substituted alkyl group" include a halogen atom, hydroxy 
group, Ci_6 alkoxy group (for example, methoxy, ethoxy, 

10 propoxy, butoxy, etc.)/ C^.g alkoxy-carbonyl group (for 
example , methoxycarbonyl , ethoxycarbonyl , propoxycarbonyl , 
etc.)/ carbamoyl group and the like, and the number of 
these substituent groups may be 1 to 3 . When the number of 
substituent groups is 2 or more, each substituent groups 

15 may be the same or different. 

Examples of alkoxy group" in ^^an optionally 
substituted alkoxy group" include C^.g alkoxy group (for 
example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, 
isobutoxy, pentoxy, etc.). Examples of ^^substituent group" 

20 in ^^an optionally substituted alkoxy group" include groups 
identical with the ^^substituent group" of the optionally 
substituted alkyl group" described above, and the number of 
substituent groups is also the same as that of the 
^^optionally substituted alkyl group" - 

25 The ^^aryl group" includes, for example, Cg-i^ aryl 
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group (e.g., phenyl, 1-naphtyl, 2-naphthyl, biphenyl, 2- 
anthryl, etc.) and the like. 

The ^'aryloxy group'' includes, for example, ^6.14 
aryloxy group (e.g., phenyloxy, 1-naphtyloxy, 2-naphthyloxy , 
5 etc.) and the like. 

The ^'acyl group" includes, for example, formyl, 
alkylcarbonyl, alkoxycarbony, carbamoyl, alkylcarbamoyl, 
alkylsulf inyl, alkylsulf onyl and the like. 

The ''alkylcarbonyl group" includes, for example, Ci.g 
10 alkyl-carbonyl group (e.g., acetyl, propionyl, etc.) and 
the like. 

The ''alkoxycarbonyl group" includes, for example, C^.g 
al koxy-carbony 1 group (e.g., methoxycarbony 1 , 

ethoxycarbonyl, propoxycarbonyl, butoxycarbonyl, etc.) and 
15 the like. 

The ''alkylcarbamoyl group" includes N-Ci.g alkyl- 
carbamoyl group (e.g., methylcarbamoyl , ethylcarbamoyl, 
etc.), N,N-diCi.6 alkyl-carbamoyl group (e.g., N,N- 
dimethylcarbamoyl, N, N-diethylcarbamoyl, etc.) and the like. 
20 The " alkylsulf inyl group" includes, for example, C^.^ 

alkylsulf inyl group (e.g., methylsulf inyl, ethylsulf inyl , 
propylsulf inyl, isopropylsulf inyl , etc.) and the like. 

The " alkylsulf onyl group" includes, for example, C^.^ 
alkylsulf onyl group (e.g., methylsulf onyl, ethylsulf onyl, 
25 propylsulf onyl, isopropylsulf onyl, etc.) and the like. 
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The ^^acyloxy group" includes, for example, 
alkylcarbonyloxy group, alkoxycarbonyloxy group, 

carbamoyloxy group, alkylcarbamoyloxy group, 

alkylsulf inyloxy group, alkylsulf onyloxy group and the like. 
5 The ^^alkylcarbonyloxy group" includes C^.^ alkyl- 

carbonyloxy group (e.g., acetyloxy, propionyloxy, etc.) and 
the like. 

The ^^alkoxycarbonyloxy group" includes, for example, 
Ci_6 alkoxy-carbonyloxy group (e.g., methoxycarbonyloxy, 
10 ethoxycarbonyloxy, propoxycarbonyloxy, butoxycarbonyloxy, 
etc.) and the like. 

The ^''alkylcarbamoyloxy group" includes Ci_5 alkyl- 
carbamoyloxy group (e.g., methylcarbamoyloxy, 
ethylcarbamoyloxy , etc.) and the like. 
15 The alkylsulf inyloxy group" includes, for example, 
Ci_7 alkyl-sulf inyloxy group (e.g., methylsulf inyloxy, 
ethyl sulf inyloxy, propyl sulf inyloxy , isopropylsulf inyloxy , 
etc.) and the like. 

The alkylsulf onyloxy group" includes, for example, 
20 Ci_7 alkyl-sulf onyloxy group (e.g., methylsulf onyloxy , 
ethyl sulf onyloxy, propyl sulf onyloxy, isopropylsulf onyloxy, 
etc.) and the like. 

The ^^5 to 10~membered heterocyclic group" includes, 
for example, 5 to 10-membered (preferably, 5 or 6-membered) 
25 heterocyclic group having 1 or more (for example, 1 to 3) 
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hetero atoms selected from a nitrogen atom^ sulfur atom and 
oxygen atom in addition to a carbon atom, and specific 
examples thereof include 2- or 3-thienyl group, 2-, 3- or 
4-pyridyl group, 2- or 3-furyl group, 1-, 2- or 3-pyrrolyl 
5 group, 2-, 3-, 4-, 5- or 8-quinolyl group, 1-, 3-, 4- or 5- 
isoquinolyl group, 1-, 2- or 3-indolyl group and the like. 
Among them, preferable are 5 or 6-membered heterocyclic 
group such as 1-, 2- or 3-pyrrolyl group. 

Preferably, ring A is a benzene ring which may have 

10 one or two substituent groups selected from a halogen atom, 
an optionally halogenated Cj.^ alkyl group, an optionally 
halogenated C^.^ alkoxy groups and 5 or 6-membered 
heterocyclic group . 

Examples of '^aralkyl group'' in ^^an optionally 

15 substituted aralkyl group" represented by include, for 
example, 07^15 aralkyl group (e.g., Cg^io aryl C^.^ alkyl group 
such as benzyl, phenetyl, etc.) and the like. Examples of 
^^substituent group" in ^'an optionally substituted aralkyl 
group" include the same substituent groups as those of the 

20 ^'optionally substituted alkyl group" described above, and 
the number of substituent groups is 1 to 4 . When the 
number of substituent groups is 2 or more, each substituent 
groups may be the same or different. 

The ^'acyl group" represented by includes, for 

25 example, the ^^acyl group" exemplified as the substituent 
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group on ring A described above. 

The ^^acyloxy group" represented by includes, for 

example, the ^^acyloxy group" exemplified as the substituent 
group on ring A described above. 
5 Preferably, is a hydrogen atom. 

The optionally substituted alkyl group" represented 
by R^, R^ or R^ includes the ^'optionally substituted alkyl 
group" exemplified as the substituent group on ring A 
described above. 

10 The optionally substituted alkoxy group" represented 

by R^, R^ or R^ includes the optionally substituted alkoxy 
group" exemplified as the substituent group on ring A 
described above. 

The optionally substituted amino group" represented 

15 by R^, R^ or R^ includes, for example, amino group, mono-C^.g 
alkylamino group (e.g., methylamino, ethylamino, etc.), 
mono-C6_i4 arylamino group (e.g., phenylamino, 1- 
naphthylamino, 2-naphthylamino, etc.), di-C^.g alkylamino 
group (e.g., dimethylamino, diethylamino, etc.), di-C6_i4 

20 arylamino group (e.g., diphenylamino, etc.) and the like- 
Preferably, R^ is a Ci_6 alkyl group, C^.g alkoxy group, 
Ci_6 alkoxy-Ci_6 alkoxy group or di-C^.g alkylamino group. 
More preferably, R^ is a Ci_3 alkyl group or Ci_3 alkoxy 
group . 

25 Preferably, R^ is a hydrogen atom, C^.g alkoxy-C^.g 
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alkoxy group or optionally halogenated C^.g alkoxy group. 
More preferably, is a C^.j alkoxy group which is 

halogenated or may be substituted with a Ci_3 alkoxy group. 

Preferably, is a hydrogen atom or C^.g alkyl group. 

5 More preferably;- R^ is a hydrogen atom or C^.^ alkyl group 
(particularly, hydrogen atom) . 

Preferably, Y is a nitrogen atom. 

Specific examples of the compound (I) include the 
following compounds. 

10 2- [ [ [3-methyl-4- (2 , 2, 2-trif luoroethoxy) -2- 

pyridinyl] methyl] sulf inyl] -IH-benzimidazole, 2- [ [3, 5- 

dimethyl-4-methoxy-2-pyridinyl) methyl] sulf inyl] -5-methoxy- 
IH-benzimidazole, 2- [ [ [4- (3-methoxypropoxy) -3-methyl-2- 

pyridinyl] methyl] sulf inyl] -IH-benzimidazole^ sodium salt, 5- 

15 dif luoromethoxy-2- [ [ (3, 4-dimethoxy-2- 

pyridinyl) methyl] sulf inyl] -IH-benzimidazole and the like . 

Among these compounds, 2- [ [ [3-methyl-4- (2, 2, 2- 
trif luoroethoxy) -2-pyridinyl] methyl] sulf inyl] -IH- 
benzimidazole (Lansoprazole) is preferable . 

20 The above-mentioned compound (I) may be a racemic 

compound, or may be an optically active compound such as R- 
compound, S- compound and the like. For example, optically 
active substances such as (R) -2- [ [ [3-methyl-4- (2, 2, 2- 
trif luoroethoxy) -2-pyridinyl] methyl] sulf inyl] -IH- 

25 benzimidazole (sometimes referred to as Lansoprazole R 
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enantiomer) may also be permissible and preferable. 

The salt of the compound (I) is preferably a 
pharmaceutically acceptable salt^ and examples thereof 
include salts with inorganic bases, salts with organic 
5 bases, salts with basic amino acids, and the like. 

Suitable examples of the salt with an inorganic base 
include, for example, alkali metal salts such as sodium 
salts, potassium salts, etc.; alkaline earth metal salts 
such as calcium salts, magnesium salts, etc.; ammonium 
10 salts, and the like. 

Suitable examples of the salt with an organic base 
include, for example, salts with alkylamlnes 
(trimethylamine, triethylamine, etc.), heterocyclic amines 
(pyridine, picoline, etc.), alkanolamines (ethanolamine, 
15 diethanolamine, triethanolamine, etc.), dicyclohexylamine, 
N, N' -dibenzylethylenediamine and the like. 

Suitable examples of the salt with a basic amino acid 
include, for example, salts with alginine, lysine, 
ornithine and the like. 
20 Among these salts, alkali metal salts or alkaline 

earth metal salts are preferable. Particularly, sodium 
salts are preferable. 

The compound (I) can be produced by a method known per 
se, and produced by methods described, for example, JP-A 
25 61-50978, USP 4, 628, 098, JP-A 10-195068, WO 98/21201 and 
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the like, or methods according to these methods. The 
optically active compound (I) can be obtained by optical 
resolution methods (fractional re-crystallization method, 
chiral column method, diastereomer method, method using 
5 microorganism or enzyme^ etc.), asymmetric oxidation and 
the like. For example, in the case of Lansoprazole R 
enantiomer, it can also be produced in accordance with the 
methods described in WO 00-78745, WO 01-83473, WO 01-87874 
and WO 02-44167. 

10 As the PPIs used in the present invention, the 

benzimidazole compound having an antiulcer action such as 
lansoprazole, omeprazole, rabeprazole and pantoprazole and 
the imidazopyridine compound such as tenatoprazole or 
optically active compounds thereof and pharmaceutically 

15 acceptable salts thereof are preferable. 

The compounding amount of the benzimidazole compound 
used in the present invention varies depending on the kind 
and dosage of an active ingredient, and for example, the 
amount is from 0.001 to 0.3 parts by weight, preferably 

20 from 0.002 to 0.2 parts by weight relative to 1 part by 
weight of the solid preparation of the present invention. 

The metal oxide and metal hydroxide used in the 
present invention are preferably those of which 1% aqueous 
solution or 1% aqueous suspension has a pH of 8.0 or more, 

25 and examples of the metal oxide include medical magnesium 
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oxide, magnesium silicate ( 2MgO« 3Si02»xH20) , dry aluminum 
hydroxide gel (Al203*xH20) , magnesium metasilicate aluminate 
(Al203»MgO*2Si02*xH20) and the like. Particularly, 
magnesium oxide can be suitably used. 
5 Preferable magnesium oxides are those that are 

available for medical use and that have an excellent 
reactivity to acid and neutralization ability. As these 
magnesium oxides, magnesium oxide obtained by a usual 
production method and commercially available magnesium 

10 oxide can be used, and preferable is one obtained by 
calcination at low temperature, so-called, calcining 
magnesia. The magnesium oxide calcined at a temperature of 
about 500 to about 1000 is generally preferable, and 
particularly from the viewpoint of neutralization ability 

15 the magnesium oxide calcined at a temperature of about 600 
to about 900 °C is preferable, and the magnesium oxide 
calcined at about 800 ""C is most preferable. Among these 
magnesium oxides, favorable is the one that neutralizes the 
environment prior to the release of the acid labile active 

20 ingredient by the disintegration of the preparation in 
stomach and has the function to enhance the remaining ratio 
of the active ingredient. Such magnesium oxide is 
preferably the one that has usually a BET specific surface 
area of about lOm^/g to about 50mVg, preferably about 

25 20mVg to about 50mVg. 
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Hereupon, a BET specific surface area means the 
specific surface area measured by nitrogen gas adsorption 
method, and the specific surface area containing the 
surface of given amount magnesium oxide and its cavity in 
5 which nitrogen gas can enter is determined by the amount of 
adsorbed nitrogen gas. 

The magnesium oxide includes, for example, 
commercially available heavy magnesium oxide (manufactured 
by Kyowa Kagaku Kogyo K.K.)/ heavy magnesium oxide (Tomita 

10 Pharmaceutical Co. Ltd.), heavy N magnesium oxide 
(manufactured by Kyowa Kagaku Kogyo K.K.), light magnesium 
oxide (manufactured by Kyowa Kagaku Kogyo K.K.) and the 
like. Particularly heavy N magnesium oxide (manufactured by 
Kyowa Kagaku Kogyo K.K.) is preferable. 

15 The metal hydroxide includes, for example, medical 

magnesium hydroxide, aluminum hydroxide, synthetic 
hydrotalcite (Mg^Als (OH) 16CO3 • 4H2O) , co-precipitate of 
aluminum hydroxide and magnesium hydroxide, co-precipitate 
of aluminum hydroxide, magnesium carbonate and calcium 

20 carbonate, and co-precipitate of aluminum hydroxide and 
sodium hydrogen carbonate. Among these compounds, 

magnesium hydroxide is particularly preferable from the 
viewpoint of the disintegrating property and dissolution 
property of a preparation. 

25 These may be used alone or in combination of two or 
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more. Some of metal oxides and metal hydroxides may 
whittle the surface of a preparation apparatus in 
production. As a result of such whittling^ the resulting 
tablets sometimes become partially or wholly darkish or 
5 blackish and are imparted with black spots, lines or 
surfaces. Sticking of the resulting preparations on a die 
in production of tablets is also sometimes caused, 
depending on the metal hydroxides or metal oxides used. 
These properties deteriorate remarkably the productivity. 

10 It has been found that, when metal oxides or metal 
hydroxides having whittling property and adhesiveness on a 
die are used, the whittling action and adhesiveness on a 
die can be suppressed by wet or dry granulation using metal 
oxides or metal hydroxides having no such properties or 

15 pharmaceutically acceptable additives described bellow 
(excipients, binders, disintegrants , etc.) in combination. 
In the case of preparations of PPIs, preferred are 
magnesium hydroxides, magnesium oxides and combination of a 
magnesium hydroxide and magnesium oxide from the viewpoint 

20 of compatibility with PPIs, dissolution property, and 
disintegrating property of a preparation. 

These metal oxides and/or metal hydroxides are 
compounded in such an amount that they are quickly 
dissolved and neutralize gastric acid simultaneously with 

25 disintegration of a solid preparation in stomach. 
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preferably, prior to dissolution of an active ingredient, 
in order to prevent unstabilization of substantial parts of 
an active ingredient by being exposed to gastric acid. 
Metal oxides and metal hydroxides are compounded usually in 
5 an amount of about 0.05 to 2000 parts by weight, preferably 
about 0.1 to 1000 parts by weight, more preferably about 
0.1 to 800 parts by weight relative to 1 part by weight of 
an acid labile active ingredient, though the amount varies 
depending on the gastric acid neutralization ability of 

10 each metal oxide and metal hydroxide. For example, metal 
oxides and metal hydroxides are compounded in an amount of 
about 0.1 to 1500 parts by weight, preferably about 0.5 to 
800 parts by weight, more preferably 0.1 to 400 parts by 
weight relative to 1 part by weight of a benzimidazole 

15 compound. When the active ingredient is a benzimidazole 
compound, the pH in stomach usually increases 
simultaneously with initiation of dosing, and they are 
compounded preferably in an amount that pH increases to 4 
or more within about 60 minutes, more preferably within 4 0 

20 minutes after administration, in stomach of usual pH range. 

Usually, metal oxides and metal hydroxides are 
compounded preferably in an amount that pH increases to 7 
or more within 10 minutes, more preferably within 7 minutes, 
by a measuring method as shown in the following experiment 

25 example. 
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In the present invention, at least one component 
selected from carbonates of alkaline earth metals and basic 
additives having high water-solubility may be compounded, 
in addition to these metal oxides and/or metal hydroxides, 
5 if necessary. The carbonates of alkaline earth metals 
include, for example, calcium carbonate and magnesium 
carbonate for medical use. The basic additives having high 
water-solubility include medical additives having an 
antacid action such as trometamol, disodium succinate, 

10 sodium hydrogen phosphate, trisodium phosphate, dipotassium 
phosphate, L-arginine and the like. These may also be used 
alone or in combination of two or more. 

These are also compounded in such an amount that they 
are quickly dissolved and neutralize gastric acid 

15 simultaneously with disintegration of a solid preparation 
in stomach, preferably, prior to dissolution of an active 
ingredient, in order to prevent unstabilization of 
substantial parts of an active ingredient by being exposed 
to gastric acid, and are compounded usually in a total 

20 amount with metal oxides and metal hydroxides of about 0.05 
to 2000 parts by weight, preferably about 0.1 to 1200 parts 
by weight, more preferably about 0.1 to 800 parts by weight 
relative to 1 part by weight of a acid labile active 
ingredient, though the amount varies depending on the 

25 gastric acid neutralization ability of each additives. 
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Usually/- neutralization agents are compounded in a total 
amount of 0.1 to 1800 parts by weight, preferably about 0.5 
to 1000 parts by weight, more preferably 1 to 800 parts by 
weight relative to 1 part by weight of a benzimidazole 
5 compound. Preferably, they are compounded in an amount 
that pH increases to 4 or more within about 60 minutes, 
more preferably within 40 minutes after administration, in 
stomach of usual pH range. 

In the solid preparation of the present invention, 

10 additives can be further used such as excipients for 
preparation (e.g., glucose, fructose, lactose, sucrose, D- 
mannitol, erythritol, maltitol, trehalose, sorbitol, corn 
starch, potato starch, wheat starch, rice starch, 
microcrystalline cellulose (crystalline cellulose) , 

15 anhydrous silic acid, anhydrous calcium phosphate, 
precipitated calcium carbonate, calcium silicate, etc.), 
binder (e.g. , hydroxypropylcellulose, 

hydroxypropylmethylcellulose, polyvinylpyrrolidone, 
methylcellulose, polyvinyl alcohol, carboxymethyl cellulose 

20 sodium, partial a-starch, a-starch, sodium alginate, 
pullulan, gum Arabic powder, gelatin, etc.), disintegrating 
agent (e.g., low-substituted hydroxypropylcellulose, 
calmellose, calmellose calcium, carboxymethyl starch sodium, 
cross calmellose sodium, crospovidone, hydroxypropyl starch, 

25 etc.), flavoring agent (e.g., citric acid, ascorbic acid. 



wo 03/017980 



PCT/JP02/08704 



25 

tartaric acid, malic acid, aspartame, acesulfam potassium, 
somatin, saccharin sodium, dipotasium glycirrhizinate, 
sodium glutamate, sodium 5 ' -inosinate, sodium 5 ' -guanylate, 
etc), surfactant (e.g., polysorbate, 

5 polyoxyethylene •polyoxypropylene copolymer, sodium 

laurylsulf ate, etc.), aromatics (e.g., lemon oil, orange 
oil, menthol, peppermint oil, etc.), lubricant (e.g., 
magnesium stearate, sucrose fatty acid ester, stearyl 
sodium fumarate, stearic acid, talc, polyethylene glycol, 

10 etc.), coloring agent (e.g., edible yellow No. 5, edible 
blue No. 2, ferric oxide, yellow ferric oxide, etc.) and 
antioxidant (e.g., sodium ascorbate, L-cysteine, sodium 
sulfite, etc. ) . 

The particle size of a raw material used in them is 

15 not particularly restricted, and preferably 500 ]im or less 
from the standpoint of a production property and dosing 
property. 

The method of producing the solid preparation of the 
present invention may be a method known per se, and for 

20 example, benzimidazole compounds, metal oxides and/or metal 
hydroxides, if necessary, carbonates of alkaline earth 
metals and/or basic additives having higher water- 
solubility and an antacid action, excipients, further, 
binders, disintegrating agents, lubricants, flavoring 

25 agents, coloring agents, aromatics are combined suitably to 
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give a tablet, powder, granule, capsule, fine particles and 
the like. These can be produced by a method described in 
the preparation general rule of The Pharmacopoeia of Japan, 
14th revision. 

5 Particularly, the granulation by wet granulation is 

preferred. 

Herein, the wet granulation means a method for 
obtaining granulated materials or powders such as granules 
and fine granules by granulating a dispersion or solution 

10 of the mixture of a drug and excipient in water, binder or 
solvent and then drying, and the granulation mechanism may 
be any type such as extrusion, f luidization, rolling, 
centrifuging, stirring, spraying etc. 

Further, these preparations may be coated with a 

15 coating agent (for example, coating film containing 
hydroxypropylmethylcellulose, hydroxypropylcellulose, 
polyvinyl alcohol, polyvinyl pyrrolidone, etc. ) , however, 
an enteric coating is not applied. 

In the present invention, preparation raw materials 

20 may be formulated in one portion, or may be divided into 
two or more groups and formulated (for example, layer 
separation, granulations having different disintegrating 
properties, etc.). In any case, metal oxides and/or metal 
hydroxides, further, carbonates of alkaline earth metals 

25 and/or basic additives having higher water-solubility and 
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an antacid property are quickly dissolved and neutralize 
gastric acid simultaneously with disintegration of a solid 
preparation in stomach, preferably, prior to dissolution of 
an active ingredient, and prevent unstabilization of 
5 substantial parts of an active ingredient by being exposed 
to gastric acid. For example, a method in which a group 
containing an active ingredient is compounded near the 
nucleus of a preparation and a metal oxide and/or metal 
hydroxide is compounded in an outer layer of the 

10 preparation are exemplified. 

Also in either case of one-group formulation or 
divided or separate-groups formulation, it is possible to 
neutralize gastric acid by compounding a basic additive 
having high water solubility and dissolving it quickly. 

15 Further, by dividing preparation raw materials into a 

group containing an acid labile active ingredient and a 
group containing no active ingredient and compounding them 
separately in the preparation to give a time difference of 
disintegration of components, the group containing no 

20 active component can be formulated to disintegrate more 
quickly. A metal oxide and/or metal hydroxide may be 
compounded in both groups or in the group containing no 
active ingredient. Further, a carbonate of an alkaline 
earth metal and/or a basic additive having high water 

25 solubility and an antacid action may be compounded in 
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either group or both groups. 

Furthermore, a preparation containing a group which 
contains neither an active ingredient nor a metal oxide and 
metal hydroxide but contains mainly a carbonate of an 
5 alkaline earth metal and/or a basic additive having high 
water solubility and an antacid action, may also be 
formulated. ■ Particularly, this preparation is suitable to 
increase the pH in stomach by dissolving this group more 
quickly. 

10 Further, when the components are grouped and 

formulated separately, an additive having bonding ability 
to a group containing an active ingredient (e.g., 
hydroxypropylcellulose, hydroxypropylmethylcellulose, 
hydroxyethylcellulose, polyvinylpyrrolidone, 

15 methylcellulose, polyvinyl alcohol, carboxymethylcellulose 
sodium, partial a-starch, a-starch, sodium alginate, 
pullulan, gum Arabic powder, gelatin, polyethylene oxide, 
carboxymethylethylcellulose, carboxyvinyl polymer, 

ethylcellulose, ethyl acrylate*methyl 

20 methacrylate^ trimethylammoniumethyl met hacry late copolymer, 
etc. ) may be compounded to delay the dissolution of the 
active ingredient. Further, a group containing an active 
component may be coated to delay the dissolution with a 
component containing hydroxypropylmethylcellulose, 

25 hydroxypropylcellulose, polyvinyl alcohol. 
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polyvinylpyrrolidone, ethylcellulose or ethyl 

acrylate Tnethyl methacrylate • trimethylainmoniumethyl 

methacrylate copolymer . 

More specifically, a tablet can be produced, for 
5 example, by several methods such that a benzimidazole 
compound, metal hydroxide, excipient, binder, 

disintegrating agent and lubricant are mixed and compressed 
directly into tablets; a benzimidazole compound, a metal 
hydroxide, excipient and additive having high water 

10 solubility and an antacid action are mixed, then, a binder 
is added to the mixture to form granules, and a 
disintegrating agent and lubricant are added to the 
granules, and then the resultant mixture is compressed into 
tablets; and a benzimidazole compound, a metal hydroxide 

15 and excipient are mixed, then, a binder is added to the 
mixture to obtain granules, and separately, a metal 
hydroxide, additive having high water solubility and an 
antacid action and excipent are mixed, then, a binder is 
added to the mixture to obtain granules, and these obtained 

20 granules, disintegrating agent and lubricant are mixed and 
compressed into tablets. 

Further, in the case of production of two or more 
kinds of granules, it is also possible that one or more 
kinds of binders are added to a group containing a 

25 benzimidazole compound to suppress its dissolution. 
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Granules can be produced by an ordinary method. For 
example, granules can be produced by the same methods as 
the production methods of a tablet, or by an extrusion 
granulation method. For obtaining granules having higher 
5 sphericity and smaller particle size distribution, for 
example, nucleus-containing granules may be produced by a 
method described in JP-A 63-301816 • Nucleus-containing 
granules are obtained by coating a powdery spray agent 
containing a benzimidazole compound having an antiulcer 

10 action, metal hydroxide, excipient, disintegrating agent 
and the like while spraying binding liquid such as 
hydroxypropylcellulose on a sugar nucleus. The nucleus 
granule includes, for example. Nonpareil obtained by 
coating sucrose (75 parts by weight) with corn starch (25 

15 parts by weight) by a method known per se, and spherical 
nucleus granules using crystalline cellulose, and further, 
the nucleus granule itself may be the active ingredient 
component mentioned above. The average particle size of 
the nucleus granule is generally 14 to 80 mesh. 

20 In the case of a capsule, it can be obtained by 

filling with a simply mixed powder or the particles for a 
tablet or granule obtained above. 

The solid preparation obtained in the present 
invention is a gastric disintegrable solid preparation 

25 without enteric coating having an disintegration time of 7 
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minutes or less, preferably 5 minutes or less, more 
preferably 4 minutes or less, by the measurement of 
disintegrating time based on the method described in United 
States Pharmacopoeia <701> Disintegration. 
5 The solid preparation of the present invention can be 

itself administered orally. The solid preparation of the 
present invention can be taken in the form of liquid or 
semisolid by dispersing or dissolving it previously in 
water, juice, yoghurt and the like. 

10 In the solid preparation of the present invention, 

when the active ingredient is, for example, a benzimidazole 
compound represented by the formula (I) such as 
lansoprazole and optically active compounds thereof, these 
compounds are useful as a medicine since they have 

15 excellent antiulcer action, gastric acid secretion- 
suppressing action, mucous membrane protecting action, 
anti-Helicobacter pylori action and the like, and have low 
toxicity. In this case, the solid preparation of the 
present invention can be orally administered to mammal 

20 animals (for example, human, monkey, sheep, horse, dog, cat, 
rabbit, rat, mouse, etc.), for the purpose of treating and 
preventing peptic ulcer (for example, gastric ulcer, 
duodenal ulcer, stomal ulcer, Zollinger-Ellison syndrome, 
etc.)/ gastritis. Gastroesophageal Reflux Diseases (GERD) 

25 e.g. reflux esophagitis. Symptomatic GERD, erosive 
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esophagitis; NUD (Non Ulcer Dyspepsia) , stomach cancer 
(including stomach cancer caused by promotion of production 
of interleukin-lli by gene polymorphism of interleukin-1 ) , 
stomach MALT lymphoma and the like, removing Helicobacter 
5 pylori, suppression of upper digestive canal hemorrhage 
caused by peptic ulcer, acute stress ulcer, and hemorrhagic 
gastritis, suppressing upper digestive canal hemorrhage 
caused by invasive stress (stress caused by cerebral 
vascular disorder requiring major operation or intensive 

10 care needing intensive management after operation, head 
trauma, multi-organ disorder, wider range heat injury) , 
treating and preventing ulcer ascribed to nonsteroidal 
anti-inflammatory agent; and treating and preventing 
gastric hyperacidity and ulcer by stress after operation. 

15 For removal of Helicobacter pylori, it is preferable to use 
the solid preparation and, penicillin antibiotics (e.g., 
amoxicillin) and erythromycin antibiotics (e.g., 
clarithromycin) , together. 

The preparation of this invention is especially 

20 applicable for GERD (e.g.. Symptomatic GERD and erosive 
esophagitis) . 

The daily dose differs depending on severity of 
symptom, age, sex and body weight of the patient, period 
and interval of administration, kind of the active 
25 ingredient employed and the like, and is not particularly 
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restricted, and for example, the solid preparation can be 
administered as an antiulcer agent to an adult (60 kg) at 
an oral daily dose of about 0.5 to 1500 mg/day, preferably 
about 5 to 150 mg/day as an active ingredient. These 
5 benzimidazole compound-containing preparations may be 
administered once or in two or three divided portions a day. 

Examples 

Hereinafter, the present invention is further detailed 
10 by the following Examples, which are not intended to 
restrict the present invention. 

Example 1 

Production of active ingredient group 

15 240 g of lansoprazole, 1160 g of magnesium hydroxide, 

616 g of D-mannitol and 2 64 g of corn starch were charged 
into a fluidized bed granulator, and 8% aqueous solution 
prepared by dissolving 120 g of hydroxypropylcellulose in 
1380 g of purified water was sprayed, and these materials 

20 were granulated, and dried to obtain 2188 g of granules. 
Production of outer layer group 

870 g of magnesium hydroxide, 1107 g of D-mannitol and 
474 g of corn starch were charged in a fluidized bed 
granulator, and 750 g of purified water was sprayed, and 

25 these materials were granulated, and dried to obtain 2199 g 
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of granules . 

300 g of a active ingredient group, 408.5 g of an 
outer layer group, 37.5 g of crospovidone and 11 g of 
magnesium stearate were mixed in a bag to obtain a mixture. 
5 The resultant mixture was compressed into tablets (750 mg 
per tablet) by a die having a 13 mmO flat bevel edge using 
tabletting machine. No darkishness by whittled powders or 
sticking of the mixture on the die was observed in the 
resulting tablets . 

10 

Example 2 

Production of active ingredient group 

120 g of lansoprazole, 200 g of magnesium hydroxide, 
580 g of D-mannitol and 240 g of corn starch were charged 

15 into a fluidized bed granulator, and 8% aqueous solution 
prepared by dissolving 60 g of hydroxypropylcellulose in 
690 g of purified water was sprayed, and these materials 
were granulated, and dried to obtain 1161.1 g of granules. 
Production of outer layer group 

20 720 g of magnesium hydroxide, 259.5 g of D-mannitol, 

225 g of microcrystalline cellulose (Ceolus KG-801) and 
112-5 g of crospovidone were charged in a fluidized bed 
granulator, and 500 g of purified water was sprayed, and 
these materials were granulated, and dried to obtain 1138.8 

25 g of granules- 
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300 g of a active ingredient group, 439 g of an outer 
layer group and 11 g of magnesiuin stearate were mixed in a 
bag to obtain a mixture. The resultant mixture was 
compressed into tablets (750 mg per tablet) by a die having 
5 a 13 mm<l> flat bevel edge using tabletting machine. No 
darkishness by whittled powders or sticking of the mixture 
on the die was observed in the resulting tablets. 

Example 3 

10 Production of active ingredient group 

120 g of lansoprazole, 580 g of magnesium hydroxide, 
332 g of D-mannitol and 108 g of corn starch were charged 
into a fluidized bed granulator, and 8% aqueous solution 
prepared by dissolving 60 g of hydroxypropylcellulose in 

15 690 g of purified water was sprayed, and these materials 
were granulated, and dried to obtain 982.1 g of granules. 
Production of outer layer group 

108-8 g of magnesium hydroxide, 453.8 g of trometamol, 
52.5 g of D-mannitol, 127.5 g of microcrystalline cellulose 

20 (Ceolus KG-801) and 63.7 g of crospovidone were charged in 

a fluidized bed granulator, and 4 00 g of purified water was 
sprayed, and these materials were granulated, and dried to 
obtain 758.7 g of granules. 

270 g of a active ingredient group, 483.8 g of an 

25 outer layer group and 11.2 g of magnesium stearate were 
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mixed in a bag to obtain a mixture. The resultant mixture 
was compressed into tablets (850 mg per tablet) by a die 
having a 13 mm<l> flat bevel edge using tabletting machine. 
No darkishness by whittled powders or sticking of the 
5 mixture on the die was observed in the resulting tablets . 

Example 4 

150 g of lansoprazole, 500 g of magnesium oxide 
(manufactured by Kyowa Kagaku Kogyo K.K., grade: heavy N) , 

10 725 g of magnesium hydroxide, 1390 g of D-mannitol and 70 g 
of aspartame were charged into a fluidized bed granulator, 
and 2.8% aqueous solution prepared by dissolving 70 g of 
hydroxypropylcellulose in 2430 g of purified water was 
sprayed, and these materials were granulated, and dried to 

15 obtain 2771.5 g of granules - 

2614.5 g of the obtained granules, 315 g of 
microcrystalline cellulose (Ceolus KG-801), 157.5 g of 
crospovidone and 63 g of magnesium stearate were mixed in a 
bag to obtain a mixture. The resultant mixture was 

20 compressed into tablets (700 mg per tablet) by a die having 
a 13 mmO flat bevel edge using tabletting machine. No 
darkishness by whittled powders or sticking of the mixture 
on the die was observed in the resulting tablets. 

25 Example 5 
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60 g of lansoprazole, 120 g of magnesium oxide, 406 g 
of magnesium hydroxide and 584 g of D-mannitol were charged 
into a fluidized bed granulator, and 5.6% aqueous solution 
prepared by dissolving 28 g of hydroxypropylcellulose in 
5 472 g of purified water was sprayed, and these materials 
were granulated, and dried to obtain 1144.3 g of granules. 

581 g of the granules, 70 g of microcrystalline 
cellulose (Ceolus KG-8G1) , 35 g of crospovidone and 14 g of 
magnesium stearate were mixed in a bag to obtain a mixture. 
10 The resultant mixture was compressed into tablets (700 mg 
per tablet) by a die having a 13 mmO flat bevel edge using 
tabletting machine. No darkishness by whittled powders or 
sticking of the mixture on the die was observed in the 
resulting tablets . 

15 

Example 6 

150 g of lansoprazole, 500 g of magnesium oxide 
(manufactured by Kyowa Kagaku Kogyo K.K., N grade), 725 g 
of magnesium hydroxide, 1316.5 g of D-mannitol and 70 g of 

20 aspartame were charged into a fluidized bed granulator, and 
an aqueous solution prepared by dispersing and dissolving 
140 g of hydroxypropylcellulose and 3.5 g of yellow ferric 
oxide in 2256.5 g of purified water was sprayed, and these 
materials were granulated, and dried to obtain 2817.7 g of 

25 granules. 
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2614.5 g of the granules, 315 g of microcrystalline 
cellulose (Ceolus KG-801) , 157.5 g of crospovidone and 63 g 
of magnesium stearate were mixed in a bag to obtain a 
mixture. The resultant mixture was compressed into tablets 
5 (700 mg per tablet) by a die having a 13 mmO flat bevel 
edge using tabletting machine. No darkishness by whittled 
powders or sticking of the mixture on the die was observed 
in the resulting tablets. 

10 Example 7 

105 g of lansoprazole, 525 g of magnesium oxide 
(manufactured by Kyowa Kagaku Kogyo K.K., N grade), 761.3 g 
of magnesium hydroxide, 1300.3 g of D-mannitol and 70 g of 
aspartame were charged into a fluidized bed granuiator, and 

15 an aqueous solution prepared by dispersing and dissolving 
14 0 g of hydroxypropylcellulose and 3.5 g of yellow ferric 
oxide in 2376.5 g of purified water was sprayed, and these 
materials were granulated, and dried to obtain 2754.6 g of 
granules . 

20 2573 g of the granules, 310 g of microcrystalline 

cellulose (Ceolus KG-801), 155 g of crospovidone and 62 g 
of magnesium stearate were mixed in a bag to obtain a 
mixture. The resultant mixture was compressed into tablets 
(1000 mg per tablet) by a die having a 16 mmd) flat bevel 

25 edge using tabletting machine. No darkishness by whittled 
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powders or sticking of the mixture on the die was observed 
in the resulting tablets. 

Example 8 

5 75 g of lansoprazole^ 500 g of magnesium oxide 

(manufactured by Kyowa Kagaku Kogyo K.K., N grade), 725 g 
of magnesium hydroxide, 1391.5 g of D-mannitol and 70 g of 
aspartame were charged into a fluidized bed granulator, and 
an aqueous solution prepared by dispersing and dissolving 

10 140 g of hydroxypropylcellulose, 1.75 g of yellow ferric 
oxide and 1.75 g of ferric oxide in 2256.5 g of purified 
water was sprayed, and these materials were granulated, and 
dried to obtain 2828.0 g of granules. 

2614.5 g of the granules, 315 g of microcrystalline 

15 cellulose (Ceolus KG-801) , 157.5 g of crospovidone and 63 g 
of magnesium stearate were mixed in a bag to obtain a 
mixture. The resultant mixture was compressed into tablets 
(700 mg per tablet) by a die having a 13 mmO flat bevel 
edge using tabletting machine. No darkishness by whittled 

20 powders or sticking of the mixture on the die was observed 
in the resulting tablets. 

Example 9 

52.5 g of lansoprazole, 525 g of magnesium oxide 
25 (manufactured by Kyowa Kagaku Kogyo K.K., N grade), 761.3 g 
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of magnesium hydroxide, 1352.8 g of D-mannitol and 70 g of 
aspartame were charged into a fluidized bed granulator, and 
an aqueous solution prepared by dispersing and dissolving 
140 g of hydroxypropylcellulose, 1.75 g of yellow ferric 
5 oxide and 1.75 g of ferric oxide in 2376.5 g of purified 
water was sprayed, and these materials were granulated, and 
dried to obtain 2771.6 g of granules. 

2573 g of the granules, 310 g of microcrystalline 
cellulose (Ceolus KG-801), 155 g of crospovidone and 62 g 

10 of magnesium stearate were mixed in a bag to obtain a 
mixture. The resultant mixture was compressed into tablets 
(1000 mg per tablet) by a die having a 16 mmO flat bevel 
edge using tabletting machine. No darkishness by whittled 
powders or sticking of the mixture on the die was observed 

15 in the resulting tablets. 

Example 10 

300 g of lansoprazole, 500 g of magnesium oxide 
(manufactured by Kyowa Kagaku Kogyo K.K., N grade), 725 g 

20 of magnesium hydroxide, 1166.5 g of D-mannitol and 70 g of 
aspartame were charged into a fluidized bed granulator, and 
an aqueous solution prepared by dispersing and dissolving 
140 g of hydroxypropylcellulose, 2.5 g of yellow ferric 
oxide and 1 g of ferric oxide in 2256.5 g of purified water 

25 was sprayed, and these materials were granulated, and dried 
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to obtain 2783.0 g of granules. 

2614.5 g of the granules, 315 g of microcrystalline 
cellulose (Ceolus KG-801) , 157.5 g of crospovidone and 63 g 
of magnesium stearate were mixed in a bag to obtain a 
5 mixture. The resultant mixture was compressed into tablets 
(700 mg per tablet) by a die having a 13 mmO flat bevel 
edge using tabletting machine. No darkishness by whittled 
powders or sticking of the mixture on the die was observed 
in the resulting tablets. 

10 

Example 11 

210 g of lansoprazole, 525 g of magnesium oxide 
(manufactured by Kyowa Kagaku Kogyo K.K., N grade), 761.3 g 
of magnesium hydroxide, 1195.3 g of D-mannitol and 70 g of 

15 aspartame were charged into a fluidized bed granulator, and 
an aqueous solution prepared by dispersing and dissolving 
140 g of hydroxypropylcellulose, 2.45 g of yellow ferric 
oxide and 1.05 g of ferric oxide in 2376.5 g of purified 
water was sprayed, and these materials were granulated, and 

20 dried to obtain 2823.7 g of granules. 

2573 g of the granules, 310 g of microcrystalline 
cellulose (Ceolus KG-801), 155 g of crospovidone and 62 g 
of magnesium stearate were mixed in a bag to obtain a 
mixture. The resultant mixture was compressed into tablets 

25 (1000 mg per tablet) by a die having a 16 mm<I) flat bevel 
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edge using tabletting machine. No darkishness by whittled 
powders or sticking of the mixture on the die was observed 
in the resulting tablets. 

5 Example 12 

150 g of lansoprazole, 700 g of magnesium oxide 
(manufactured by Kyowa Kagaku Kogyo N grade), 435 g 

of magnesium hydroxide, 1406.5 g of D-mannitol and 70 g of 
aspartame were charged into a fluidized bed granulator, and 
10 an aqueous solution prepared by dispersing and dissolving 
140 g of hydroxypropylcellulose and 3.5 g of yellow ferric 
oxide in 1906.5 g of purified water was sprayed, and these 
materials were granulated, and dried to obtain 2756.4 g of 
granules . 

15 2614.5 g of the granules, 350 g of microcrystalline 

cellulose (Ceolus KG-801) , 175 g of crospovidone and 70 g 
of magnesium stearate were mixed in a bag to obtain a 
mixture. The resultant mixture was compressed into tablets 
(700 mg per tablet) by a die having a 13 mm<I> flat bevel 

20 edge using a tabletting machine. No darkishness by whittled 
powders or sticking of the mixture on the die was observed 
in the resulting tablets. 

Experiment Example 1 
25 Disintegration test 



wo 03/017980 PCT/JP02/08704 

43 



The disintegration time was measured according to a 
method described in USP <701> Disintegration. 
Condition: purified water 1000 mL, no disk 

The results are shown in Table 1. 
5 Table 1 





Example 1 


Example 2 


Example 3 


Average 

disintegration 
time (min) 


0.92 


0.70 


0.45 



Measurement of pH change 

Test solution of 0.05 mol hydrochloric acid 100 mL (37 
"^C ) was charged into a 100 mL beaker, and each one tablet 
10 obtained in example 1, example 2 and example 3 was added 
and a test was carried out under the condition of 100 
revolutions per minute using a basket according to the 
dissolution test method of USP. pH change by time was 
measured. 

15 As shown in Table 2, pH of the test solution increased 

quickly, and pH of 7 or more could be reached over 3 
minutes . 



Table 2 





1 min 


2 min 


3 min 


4 min 


5 min 


10 min 


Example 1 


1.42 


3. 12 


7.63 


8.83 


9. 04 


9.15 


Example 2 


2.01 


6.77 


7. 97 


8.46 


8.64 


8.85 


Example 3 


3.08 


6. 99 


7 .49 


7.72 


7.83 


8. 06 



20 Measurement of dissolution profile 
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One tablet obtained in example 1, example 2 or example 
3, or one Takepron capsule (30 mg) filled with lansoprazole 
granules with an enteric coating was added to 900 mL of 
phosphate buffer solution having a pH of 6.8 at 37^, and 
5 the amount of dissolved lansoprazole was measured under 
rotation at 75 rpm by the absorbancy at 28 6 nm in the 
ultraviolet range, and the dissolution ratio was calculated. 

The results are shown in Table 3. 

The dissolution profile was quick as compared with the 
10 dissolution of a capsule. 



Table 3 





5 min 


10 min 


15 min 


20 min 


Example 1 


91. 8% 


97 . 9% 


98.2% 


97 . 5% 


Example 2 


99. 4% 


101.9% 


101.1% 


100. 3% 


Example 3 


81.5% 


87.7% 


88.3% 


87.7% 


Capsule 


38. 1% 


94.2% 


96.8% 


97.7% 



Experiment Example 2 
Disintegration test 
15 The disintegration time was measured according to a 

method described in USP <701> Disintegration. 
Condition: purified water 1000 mL, no disk 



The results are shown in Table 4. 
Table 4 





Example 4 


Example 5 


disintegration 
time (min) 


1.25 


1.28 



20 Measurement of dissolution profile 
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One tablet obtained in example 4 or example 5 was 
added to 900 mL of phosphate buffer solution having a pH of 
6,8 at 37 °C, and the amount of dissolved lansoprazole was 
measured by the absorbancy at 2 86 nm in the ultraviolet 
5 range under the same conditions as Experiment Example 1, 
and the dissolution ratio was calculated. 

The dissolution profile was quick as compared with 
that of the above-mentioned Takepron capsule. 

The results are shown in Table 5. 
10 Table 5 





5 min 


10 min 


15 min 


20 min 


Example 4 


8 6.4% 


95. 8% 


97.5% 


97 . 5% 


Example 5 


93.3% 


96.9% 


96.2% 


95.7% 



Experiment Example 3 
Disintegration test 

The disintegration time was measured according to a 
15 method described in USP <701> Disintegration. 
Condition: purified water 1000 mL, no disk 



The results are shown in Table 6, 
Table 6 





Example 6 


Example 7 


Example 8 


Example 9 


disintegration 
time (min) 


1.8 


1.98 


1.95 


1.98 



20 Measurement of dissolution profile 

One tablet obtained in example 6, example 1 , example 8 
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or example 9 was added to 900 mL of phosphate buffer 
solution having a pH of 6.8 at 37 °C , and the amount of 
dissolved lansoprazole was measured by the absorbancy at 
28 6 nm in the ultraviolet range under the same conditions 
5 as Experiment Example 1, and the dissolution ratio was 
calculated. 

The dissolution profile was quick as compared with the 
dissolution of the capsule described above. 
The results are shown in Table 7. 
10 Table 7 





5 min 


10 min 


15 min 


20 min 


Example 6 


78 .7% 


8 8.3% 


90. 0% 


90. 7% 


Example 7 


5 4 . 9% 


81. 1% 


8 6.6% 


87. 6% 


Example 8 


7 6.4% 


91. 8% 


96. 2% 


97.2% 


Example 9 


7 8.1% 


92. 5% 


97 . 6% 


96.2% 



Experiment Example 4 
Disintegration test 

The disintegration time was measured according to a 
15 method described in USP <701> Disintegration. 
Condition: purified water 1000 mL, no disk 



The results are shown in Table 8. 
Table 8 





Example 10 


Example 11 


Example 12 


disintegration 
time (min) 


1.60 


1.28 


1.52 



20 Measurement of dissolution profile 



wo 03/017980 



PCT/JP02/08704 



One tablet obtained in example 10,. example 11 or 
example 12 was added to 900 mL of phosphate buffer solution 
having a pH of 6.8 at ST'C, and the amount of dissolved 
lansoprazole was measured by the absorbancy at 286 nm in 
5 the ultraviolet range under the same conditions as 
Experiment Example 1, and the dissolution ratio was 
calculated. 

The results are shown in Table 9. 

The dissolution profile was quick as compared with 
10 that of a capsule mentioned above. 



Table 9 





5 min 


10 min 


15 min 


20 min 


Example 10 


7 3.7% 


82.4% 


83.7%. 


83.7% 


Example 11 


5 9.1% 


72. 6% 


76. 4% 


78.8% 


Example 12 


85.4% 


95.2% 


96. 7%) 


97 . 9% 



Industrial Applicability 

The medical solid preparation of the present invention 

15 can be obtained by a simple production method since no 
enteric coating is applied, though containing an acid 
labile active ingredient, for example, a benzimidazole 
compound which is a PPI. Further, since the initial 
dissolution of an active component from the preparation is 

20 quicker as compared with a preparation with an enteric 
coating, the initiation time of a pharmacological action 
can be shortened. Furthermore^ since a metal oxide and 
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metal hydroxide is mainly used for neutralization and 
stabilization in stomach, the generation of carbon dioxide 
gas which is generated in stomach by the administration of 
a preparation containing a bicarbonate or carbonate in a 
5 large amount can be suppressed, and therefore burp can be 
suppressed in the preparation. 
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CLAIMS 

!• A gastric disintegrable solid preparation comprising 
an acid labile active ingredient and at least one component 
selected from metal oxides and metal hydroxides. 
5 2. A solid preparation according to claim 1, wherein the 
disintegration time is within 7 minutes, 

3. A solid preparation according to claim 1, which is the 
preparation without enteric coating. 

4. A solid preparation according to claim 1, which 
10 comprises further at least one component selected from 

carbonates of alkali earth metal and basic additives having 
high water-solubility. 

5. A solid preparation according to claim 1, wherein an 
acid labile active ingredient is a proton pump inhibitor 

15 (PPI) . 

6. A solid preparation according to claim 5, wherein the 
PPI is a benzimidazole compound. 

7. A solid preparation according to claim 6, wherein a 
benzimidazole compound is a compound represented by the 

20 formula (I) : 




(I) 



wherein ring A is an optionally substituted benzene ring. 
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is hydrogen atom, an optionally substituted aralkyl 
group, acyl group or acyloxy group^ R^, R^ and R^ are the 
same or different and each represent a hydrogen atom, an 
optionally substituted alkyl group, an optionally 
5 substituted alkoxy group or an optionally substituted amino 
group, and Y represents a nitrogen atom or CH, or a salt 
thereof. 

8- A solid preparation according to claim 6, wherein a 
benzimidazole compound is lansoprazole, omeprazole, 
10 rabeprazole or pantoprazole, or an optically active 
compound thereof. 

9. A solid preparation according to claim 1, wherein the 
metal oxides and the metal hydroxides are those of which 1% 
aqueous solution or 1 % aqueous suspension has a pH of 8 . 0 

15 or more. 

10. A solid preparation according to claim 1 which 
comprises at least one metal oxide selected from the group 
consisting of magnesium oxide, magnesium silicate, dry 
aluminum hydroxide gel and magnesium metasilicate aluminate. 

20 11. A solid preparation according to claim 1 which 
comprises at least one metal hydroxide selected from the 
group consisting of magnesium hydroxide, aluminum hydroxide, 
synthetic Hydrotalcite, coprecipitate of aluminum hydroxide 
and magnesium hydroxide, coprecipitate of aluminum 

25 hydroxide, magnesium carbonate and calcium carbonate, and 
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coprecipitate of aluminiam hydroxide and sodium bicarbonate. 
12. A solid preparation according to claim A, wherein the 
carbonate of alkali earth metal is calcium carbonate or 
magnesium carbonate . 
5 13. A solid preparation according to claim 4, wherein the 
basic additive having high water-solubility is trometamol, 
disodium succinate, sodium hydrogen phosphate, trisodium 
phosphate, dipotassium phosphate or L-arginine. 

14. A solid preparation according to claim 1 which 
10 contains magnesium oxide. 

15. A solid preparation according to claim 1 which 
contains magnesium hydroxide. 

16. A solid preparation according to claim 1 which 
contains magnesium oxide and magnesium hydroxide. 

15 17 . A solid preparation according to claim 14 or claim 16, 
wherein the magnesium oxide is one obtained by calcination 
at a temperature ranging from about 500 "^C to about 1000 °C 
and of purity higher than 95%. 

18- A solid preparation according to claim 14, wherein the 
20 magnesium oxide has a BET specific surface area of about 
lOm^/g to about 50m^/g. 

19. A solid preparation according to claim 6, which 
contains at least one component selected from metal oxides 
and metal hydroxides at a ratio of 0.1 to 1500 parts by 
25 weight relative to 1 part by weight of the benzimidazole 
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compound. 

20. A solid preparation according to claim 6, which 
contains at least one component selected from metal oxides 
and metal hydroxides together with a salt of alkali earth 

5 metal at a total ratio thereof of 0.1 to 1800 parts by 
weight relative to 1 part by weight of the benzimidazole 
compound . 

21. A solid preparation according to claim 1, which is a 
tablet a granule or a capsule. 

10 22. A solid preparation according to claim 1, wherein a 
group containing an acid labile active ingredient and a 
group containing a metal oxide or a metal hydroxide but 
containing no active ingredient are separately compounded. 
23. A solid preparation according to claim 4, wherein (1) 

15 a group containing both an active ingredient and at least 
one component selected from metal oxides, metal hydroxides, 
carbonates of alkali earth metal and basic additives having 
high water-solubility and (2) a group not containing an 
acid labile active ingredient but containing at least one 

20 component selected from metal oxides, metal hydroxides, 
carbonates of alkali earth metal and basic additives having 
high water-solubility are separately compounded. 
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